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INTRODUCTION. 


Pathology  treats  of  the  origin,  nature,  course,  and 
causes  of  those  changes  in  the  body  which  constitute 
disease ;  Morbid  Anatomy  or  Morhicl  Histology,  of  the 
actual  alterations  in  the  tissues  which  the  disease  has 
produced.  The  former  is  therefore  comparable  with  Phy- 
siology, the  latter  with  the  Histology  of  the  normal 
tissues. 

By  disease  is  understood  some  deviation  from  the  state 
of  health  ;  a  deviation  consisting  for  the  most  part  in  an 
alteration  in  the  functions,  properties,  or  structure  of  some 
tissue  or  organ,  owing  to  which  its  office  in  the  economy 
is  no  longer  performed  in  accordance  with  the  normal 
standard. 

Diseases  are  commonly  divided  into  two  classes — 
orria.nic  and  functional.  The  former  comprise  all  those 
which  are  attended  by  structural  change  ;  the  latter  those 
in  which  no  such  change  is  discoverable.  Whether  it  be 
possible  for  the  function  of  an  organ  or  tissue  to  be  ab- 
normally performed  cjuite  ii-respectivc  of  any  alteration  in 
its  structure  admits  of  some  doubt.  At  all  events,  as  our 
methods  of  minute  investigation  improve,  and  our  know- 
ledge of  morbid  histology  increases,  the  class  of  func- 
tional diseases  grows  less;  and  although  there  still 
remain  a  large  number  of  diseases  in  which  we  are  unable 
to  recognise  any  alteration  of  structure,  and  which  must 
therefore  atill  be  described  as  functional,  it  is  probable 
that  all  disease  v/ill  ultimately  be  found  to  Ije  attended 
by  more  or  less  material  change. 
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As  Jiealth  is  itself  merely  a  relative  term  and  implies 
no  definite  performance  of  the  jjrocesses  of  life,  so  disease 
is  eqnally  indefinite  ;  it  cannot  be  separated  from  health 
by  any  well-defined  boundary,  the  one  passing  by  in- 
sensible gradations  into  the  other. 

Disease  is  thus,  in  most  cases,  an  abnormal  performance 
of  those  processes  which  constitute  life,  and  a  kuowledge 
of  these  processes  must  therefore  necessarily  precede  the 
study  of  pathology.  Life  comprises  the  formation  and 
maintenance  of  the  tissues  and  the  exhibition  of  their 
various  functions.  Such  formation  and  maintenance, 
which  may  be  included  under  the  general  term  of  Nutri- 
tion, consist  in  the  continuous  supply  of  new  material, 
the  separation  of  this  from  the  blood  and  its  appropria- 
tion by  the  tissues,  together  with  the  removal  of  the  pro- 
ducts of  their  waste.  Fundiun  is  the  special  manifestation 
of  the  life  of  the  part,  as  distinct  from  its  growth  and 
the  maintenance  of  its  structure;  in  the  secreting  cell 
consisting  in  the  alteration  of  the  substances  abstracted 
from  the  blood  to  fulfil  some  special  purpose  in  the 
economy ;  in  nerve,  in  the'  transmission  of  impulses  of 
motion  and  sensation,  &c.  The  performance  of  function 
IS  ol;,viously  dependent  upon  the  state  of  nutrition.  When 
both  of  these  are  normal  the  condition  is  one  of  health 
when  abnormal  one  of  disease. 

As  in  health  the  nutrition  is  principally  dependent 
upon  he  sohd  tissues,  these  abstracting,  appropriating., 
and  altering  the  material  which  is  suj^plied  to  them  by 
the  blood;  so  m  most  forms  of  disease  it  is  these  tis.sues 
which  play  the  more  important  part,  and  alterations  in 
them  are  amongst  the  most  frequent  of  the  morbid 
processes.  'jiuiu 

'L-he  supply  and  composition  of  the  blood  must  obviously 
c  t  the  same  time  constitute  most  important  factors  in 
disease.  Owi„g  to  the  intimate  relation  which  list' 
between  he  blood  and  the  solid  tissues,  any  altcratioi  t 
the  supply  or  composition  of  the  fbrmer  must  exercise 
more  or  less  miluence  upon  the  nutritive  procesS  l" 
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regarding  the  blood,  liowever,  as  an  element   in  the 
causation  of  disease,  it  must  be  borue  in  mind  that  this 
Ihiid  is  iu  a  state  of  constant  dependence  upon  other  parts  ; 
its  component  elements  are  derived  from  external  sources 
and  undergo  continual  change,  and  although  possibly  under 
certain  circumstances  it  may  become  altered  by  virtue  of 
changes  in  the  nutritive  activity  of  its  cellular  elements, 
alterations  in  its  constitution  must  in  most  cases  result 
either  from  some  change  iu  the  process  of  its  formation,  as 
from  the  ingestion  of  improper  or  insufficient  food,  mal- 
assimilation,  or  disease  of   the  lymphatic  structures ; 
from  changes  in  the  secretory  or  excretory  processes  ; 
or  from  the  introduction  of  foreign  substances,  derived 
from  extraneous  sources.    Whilst,  therefore,  alterations 
in  the  composition  of  the  blood  may  be  important  agents 
in  the  production  of  diseased  processes  iu  other  tissues, 
such  alterations  are  in  most  cases  secondary  to  some 
abnormality  in  its  formation  or  depuration,  or  to  its  con- 
tamination by  substances  derived  from  without.  Owing 
to  the  facility  with  which  it  becomes  the  recipient  of 
foreign  substances,  it  is  often  the  first  tissue  to  become 
altered,  and  it  not  iufrecpiently  constitutes  the  principal 
seat  of  the  diseased  process.  This  is  the  case,  for  example, 
in  many  of  those  diseases  which  owe  their  origin  to 
the  introduction  of  minute  organisms,  as  the  contagious 
fevers. 

Tlie  Ijlood  may  also  play  an  impoi-tant  part  in  disease 
owing  to  its  white  corpuscles  passing  through  the  walls 
of  the  blood-vessels  into  the  surrounding  tissues.  This 
occurs  in  the  process  of  inlhimmatiou,  aud  probal)ly  also 
in  the  development  of  many  of  the  now  formations. 

Jjastly,  the  influence  of  tlie  nervous  system  must  be 
taken  into  account  in  con^^idering  abnoruiai  conditions  of 
nutrition  and  function.  This,  by  regulating  the  circuliitioji 
and  supply  of  Ijlooii,  must  to  a  certain  extent  control 
tissue-chii.nge.  The  results  of  experimentii.l  iMid  clinical 
observation  render  it  exceedingly  jjrobable  tiiat  ina.ny 
nerves  also  contain  fibres  which  exercise  a  direct  inlluencc 
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upou  nutrition,  independently  of  that  which  is  due  to 
their  vaso-motor  filaments.  In  support  of  this  view  may 
be  adduced  the  well-known  observations  of  Ludwig  and 
Heidenhain  on  the  influence  of  the  chorda  tymjjani  upon 
the  secretion  of  the  submaxillary  gland,  which  prove  that 
the  increased  secretion  which  results  from  the  stimulation 
of  this  nerve  is  due  to  an  inci-eased  activity  of  the  se- 
creting elements  of  the  gland  and  not  to  changes  in  the 
blood-vessels.  Eecent  histological  researches,  also,  which 
are  tending  to  show  that  nerve-fibres  terminate  in  the 
ultimate  elements  of  nearly  all  tissues,  and  the  fact  that 
rapid  atrophy  of  muscles  follows  lesions  of  certain  portions 
of  the  nervous  centres  and  many  injuries  of  the  nerve- 
trunks,  render  it  exceedingly  probable  that  the  nutrition 
of  muscle  and  glandular  organs,  if  not  of  many  other 
parts,  is  more  or  less  under  the  dived  influence  of  the 
nervous  system. 

The  fird  part  of  this  work  will  be  devoted  exclusively  to 
the  consideration  of  morbid  processes  which  are  charac- 
terized mainly  by  alterations  in  nutrition  ;  the  second, 
to  changes  in  the  blood  and  circulation  ;  and  the  third,  to 
the  process  of  inflammation.  In  considering  the  seve'ral 
morbid  processes,  the  general  pathology  of  each  process 
will  first  be  described,  and  subsequently  the  same  process 
as  It  occurs  iii  the  diflerent  organs  and  tissues. 


CHAPTER  I. 


THE  CELL. 

As  the  most  importaut  element  in  nuti'ition,  both  in 
health  and  disease,  is  the  activity  of  the  tissues  them- 
selves— the  supply  of  nutritive  material,  although  an 
essential,  being  merely  a,  passive  part  of  the  pi'ocess — it 
becomes  necessary  to  consider,  somewhat  minutely,  those 
parts  of  the  tissues  in  which  this  activity  i-esides. 

Ever  since  Schwann  discovered  the  cellular  nature  of 
animals,  and  established  the  analogy  between  animal  and 
vegetable  cells,  there  has  been  a  gradually  increasing 
conviction  amongst  physiologists,  which  has  now  become 
an  universally  accepted  physiological  and  pathological 
doctrine,  that  the  cell  is  the  seat  of  nutrition  and  func- 
tion ;  and  further,  that  each  incUvidtud  cell  is  itself  an 
independent  organism,  endowed  with  those  properties, 
and  capable  of  exhibiting  those  active  changes  which  are 
characteristic  of  life.  Every  organised  part  of  the  body 
is  either  cellular  or  is  derived  from  cells,  and  the  cells 
themselves  originate  from  pre-existing  cells,  and  imder  no 
circumstances  do  they  originate  de  ')i,oihj. 

Whilst  therefore  the  whole  body  is  made  up  of  cells, 
or  of  substances  derived  from  cells,  and  the  cell  is  itself 
the  ultimate  morphological  element  which  is  capable  of 
exhibiting  manifestations  of  life,  it  must  be  borne  in  mind 
that  in  a  complex  organism,  the  phenomena  of  life  are 
the  result  of  the  cotnbined  activity  of  innumeriible  cells, 
many  of  which  possess  distinct  and  peculiar  functions, 
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;.i ml  that  by  their  combination  they  become  endowed  with 
new  powers,  and  exhibit  new  forces,  so  that  although 
each  individual  unit  possesses  an  indejiendent  activity, 
it  is  in  a  state  of  constant  dependence  upon  others  with 
which  it  is  more  or  less  intimately  associated. 

CoNSTixnTioN  ov  Cells. — When  the  analogy  was  esta- 
blished between  the  animal  and  vegetable  cell,  the  former 
was  held  to  be  constructed  in  all  cases 
upon  the  same  principle  as  the  latter, 
and  to  consist  of  a  ceU-iuall,  enclosing  a 
cavity,  in  which  were  contained  a  n  ucleus 
and  fluid  contents.  (Fig.  1.)  This  was 
the  idea  of  the  cell  held  by  Schwann  and 
Remak,  and  supported  especially  by  Yir- 
chow,  who  maintained  that  these  three 
constituents  were  esseutial  to  its  vitality 
and  existence. 

During  recent  years,  however,  this  de- 
finition has  been  modified.  The  existence 
of  a  cell-wall  was  in  many  cases  not  evi- 
dent. In  embryonic  cells,  in  those  of  many 
rajmlly  growing  new  formations,  aud  in 
the  cells  of  blood,  pus,  and  mucus  nolimit- 
Tho  nuclei  ing  membrane  could  be  demonstrated. 

This  led  to  a  new  definition  of  the  cell  by 
Leydig  and  Max  Schultze,  who  held  that  a  little  mass  of 
matter  enclosing  a  nucleus  was  all  that  was  necessary  for 
s  constitution.  The  latter  of  these  physiologists  not 
only  rejected  the  cell-wall  as  an  essential  constituent,  but 
established  the  identity  of  the  mass  of  matter  (cell- 
coutents)_  with  animal  sarcode— a  contractile  substance 
existing  in  the  lower  animals— and  showed  tliat,  like  it.  it 
was  endowed  with  the  power  of  spontaneous  movement 
Tins  substance  he  called  jo-nfnj.lnsm.  He  further  pointed 
oat,  tiuit  the  existence  of  a  distinct  cell-wall  was  the 
result  of  a  retrograde  process  taking  place  in  the  outer 
aycrs  of  the  ]H-otoplasni.  and  that  the  latter  was  the  real 
of  the  activity  of  the  cell.  Tli 
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correspond  wltli  tliose  held  by  Dr.  Beale  in  this  coun- 
try .* 

The  definition  of  a  cell  has  been  still  further  modified 
by  Brucke,  Strieker,  and  others,  who  consider  that  the 
existence  of  a  nucleus  is  not  essential  to  its  constitution. 
This  opinion  is  principally  based  upon  the  fact,  that  in 
the  cryptoganiia,  and  in  some  of  the  lowest  animal  forms, 
cells  occur  in  which  no  nucleus  is  visible. 

It  would  thus  appear  probable  that  a  simple  mass  of 
protoplasm  may,  in  some  exceptional  cases,  be  all  that  is 
necessary  to  constitute  a  cell— i.e.,  au  elementary  orga- 
nism, capable  of  exhibiting  independently  all  the  pheno- 
mena of  life;  but  that  the  nucleus  is  au  exceedingly 
constant  and  almost  invariable  constituent.  The  cell- 
wall  is  much  less  constant,  and  being  the  result  of  a 
retrograde  change  in  the  outer  layers  of  the  protoplasm, 
it  must  be  regarded,  in  point  of  vitality,  as  inferior  to  the 
rest  of  the  cell. 

Protoplasm  itself  is  au  unstable  albuminoid  compound, 
which  is  insoluble  in  water  and  coagulates  at  death.  As 
usually  met  with,  it  is  a  homogeneous  structureless 
material,  of  a   soft  and  viscid  consistence.     In  con- 
sistence, however,  it  is  subject  to  variations,  being  some- 
times perfectly  fluid,  at  others  more  or  less  soUd  and 
gelatinous.    In  old  cells  it  often  becomes  transformed, 
by  the  loss  of  water,  into  a  more  solid  albuminoid 
substance— fceraim.    This  occurs  in  the  epidermis  and 
nail.    Protoplasm  may  also  become  gradually  converted 
into  other  modifications  of  the  protein  group— into  mucin, 
globulin,  hasmogoblin,  &c.    The  cell-wall,  when  it  exists, 
is  of  much  firmer  consistence  than  the  protoplasm.  In 
some  cells  the  protoplasm  constitutes  but  a  small  propor- 
tion of  the  body  of  the  cell,  other  substances,  which  are 
either  the  result  of  its  metamorphosis,  or  have  been  taken 
up  from  without,  being  associated  with  it.    Thus  fat  is 

*  Dr.  Bi^alr;  call.s  Uio  protoplasm,  (y«/-«ii)M(i  matter  or  bioplasm; 
tlio  nell-vvall,/o?'nierf  material. 
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met  witli  in  the  cells  of  adipose  tissue,  and  of  the  liver. 
(See  Fig.  6.)  Pigment,  calcareous  iDarticles,  peiDsine,  &c-, 
are  also  met  with  in  cells. 

The  imde.irs  is  more  constant  both  in  size  and  form 
than  the  cell.  It  is  usually  sjoherical  or  oval  iu  shape, 
and  often  contains  one  or  more  minute  round  or  angular 
bodies,  termed  nucleoli.  It  offers  a  greater  resistance  to 
chemical  reagents  than  the  other  constituents  of  the  cell, 
and  is  also  stained  more  deeply  by  carmine. 

The  original  form  of  the  nucleus  is  vesicular.  In  the 
earliest  cells  of  embryonic  tissue  it  possesses  a  delicate 
membrane  enclosing  a  nucleolus  and  fluid  contents, 
thus  resembling  in  its  structure  the  cell.  Subsequently, 
however,  it  loses  its  vesicular  character,  and  as  usually 
met  with  it  is  a  solid  perfectly  homogeneous,  or  faintly 
granular  body,  in  which  the  nucleolus  is  still  visible. 
The  recognition  of  the  nucleus  is  not  always  possible, 
owing  to  its  presence  being  obscured  by  fat,  pigment,  or 
other  substances  contained  within  the  cell.  (See  Ficr.  28.) 
In  some  cells  the  nuclei  gradually  disappear.  The  cobured 
blood-cells  and  the  cells  of  the  superficial  layers  of  the 
epidermis  are  examples  of  cells  in  which  the  original 
nucleus  has  become  lost.  Lastly,  it  must  be  mentioued. 
that  several  nuclei  may  be  contained  within  the  same 
cell.    (See  Fig.  2.) 

Physiology  of  CELLs.-The  cell,  as  already  stated,  is 
capable  ol  absorbing  and  transforming  matter,  of  excre- 
tion, and  of  growth.  It  is  also  endowed  with  the  power  oi' 
changing  its  form,  of  cohering  with  other  cells,  of  under- 
going more  or  less  active  movement,  and  of  rejDroduction 
Lhc  nature  of  the  processes  which  occur  within  cells 
during  these  various  nuuiifestatious  of  their  vitality  iv 
for  the  most  part,  involved  in  obscurity ;  we  know  littk' 
more  Hum  what  is  supj^lied  to  them  and  what  is  excreted 
Tiie  question  now  arises  as  to  what  ]v.ivt  is  plaved  by  thj 
respective  constituents  of  cells-whether  the  cell-wall  the 
body  of  the  cell  (protoplasm),  and  the  nucleus  have 
dittereut  offices. 
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The  cell-wall,  being  the  result  of  a  retrogressive  change 
in  the  protoplasm,  cannot  be  regarded  as  taking  any 
part  in  the  life  of  the  cell,  the  activity  of  which  is  mnch 
diminished  by  its  existence,  as  is  also  its  power  of  repro- 
ducing itself  by  simple  division.  It  is  in  old  cells  that  a 
cell-wall  is  most  frequently  met  with;  in  those  newly 
formed  it  is  entirely  wanting. 

The  nucleus  has  usually  been  looked  upon  as  the  seat 
of  the  nutrition,  as  distinct  from  the  specific  functions  of 
cells,  and  has  been  supposed  to  play  an  important  part 
in  their  multiplication  and  reproduction.  The  fact  that 
when  a  cell  divides,  the  division  usually  commences  in 
the  nucleus,  and  only  subsequeiitly  takes  place  in  the 
rest  of  the  cell,  would  appear  to  favour  this  view ;  as 
would  also  the  great  uniformity  of  the  nucleus  both  in 
size  and  form,  whatever  be  the  functional  nature  of  the 
cell.  It  must  be  borne  in  mind,  however,  that  non- 
nucleated  cells  may  multiply,  and  that  nucleated  cells 
have  been  observed  to  divide,  the  nucleus  itself  taking  no 
part  in  the  process. 

Whatever  be  the  part  played  by  the  nucleus,  there  can 
be  no  doubt  that  the  protoplasm  is  the  most  important 
factor  of  the  cell,  and  it  may  itself  be  the  only  constituent. 
The  spontaneous  movements,  alterations  in  form,  and 
migratory  powers  characteristic  of  young  cells,  are  due  to 
the  protoplasm.  Such  movements  are  observed  in  the 
cells  of  the  embryo,  in  lymphoid  and  young  epithelial 
cells,  in  some  of  the  cells  of  connective  tissiie,  and  in 
white  blood  and  pus  cells. 

The  protoplasm,  as  already  stated,  may  be  the  sole  seat 
of  the  nutritive  and  formative  power  of  the  cell.  It  would 
appear,  however,  probable  that  it  is  more  especially  con- 
cerned in  the  performance  of  function,  and  tbat  the  specific 
functional  peculiarities  of  cells  are  dcpeudcut  rather  upon 
it  than  upon  their  other  constituents.  The  volume  and 
consistence  of  the  protoplasm  vary  in  different  cells,  and 
in  the  same  cell,  at  dill'crent  times  and  under  dilTerent 
circumstances.   It  is  apj^areutly  capable  of  imbibing  and 
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giving  up  fluids,  at  the  same  time  undergoing  corre- 
sponding alterations  in  volume.  These  considerations 
render  it  probable  that  it  is  the  seat  of  the  selective  jDower 
of  the  cell,  and  of  those  other  properties  which  represent 
its  specific  functions. 

Genesis  of  Cells. — The  proj^osition  of  Virchow,  that 
every  cell  originates  directly  from  a  pre-existing  cell,  forms 
the  basis  of  the  pathology  of  the  present  day.  To  liemak, 
however,  must  be  ascribed  the  merit  of  having  first  esta- 
blished the  cellular  origin  of  the  tissues. 

The  multiplication  of  cells  may  take  place  in  three  ways 
— by  simple  diaision,  by  gemmation,  and  by  endogenous 
groivth.  In  the  first  two  methods  the  cell  breaks  up  into 
fragments;  in  the  last,  new  cells  originate  within  the 
parent  cell.  The  process  is  obviously  associated  with 
growth  and  increase  of  the  i^rotoplasm. 

The  multiplication  by  simple  division  is  the  most  fre- 


quent m.'lhod.  The  c.dl  divides  and  forms  two  cells,  and 
each  of  these  again  divides  and  forms  two  more,  and  so 


Fig.  2. 


yl  Miilliniicli'iit,;!  Cell.  I'lMin  ni<>  lull"  in  -i  c-y^o 
of  Chronic  I'lilliisis.  Sliowin-  tli,.  l.u-,.  nnnilhT 
of  iniclei  wilJj  bright,  nucleoli,  x 
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ou.  In  nucleated  cells  the  nucleus  as  a  rule  divides  first. 
The  nucleus,  however,  may  divide  and  nmltiply  withm 
the  cell  without  any  division  of  the  cell  taking  place- 
If  the  nuclei  multiply  within  the  cell,  and  the  protoplasm- 
continuously  increase  without  subsec^uent  division  of  the 
cell  taking  place,  large,  many-nucleated,  irregular-shaped 
masses  of  protoplasm  are  produced.  These  are  the  giant 
or  myeloid  cells,  which  are  met  with  in  the  medulla  of 
3'oung  bone,  in  some  new  formations,  and  in  certam 
inflammatory  growths.  (Fig.  2.)  (See  also  "Myeloid 
Sarcoma,"  Fig.  51.)  The  existence  of  a  dense  cell-wall 
interferes  with  the  process  of  multiplication  by  simple 
division. 

By  endogenous  multiplication  is  understood  the  de- 
velopment of  cells  within  pre-existing  cells.  The  multi- 
plication of  the  cells  of  cartilage,  such  as  occurs  in  the 
growth  of  bone  and  in  the  process  of  inflammation,  has 
been  adduced  as  an  example  of  this  mode  of  cell  formation. 
Here,  however,  we  ha  ve  simply  the  division  of  the  carti- 
lage cell  within  its  capsule,  and  the  process  is  precisely 
similar  to  multiplication  by  simple  division  (see  Fig.  96,  cl). 
The  mode  of  cell  formation  which  must  be  regarded  as 
strictly  endogenous,  is  what  is  now  commonly  known  as 
Vacuolatlon.  This  was  described  some  time  ago  by 
Virchow  in  his  "  Cellular  Pathology  ;"  and  owing  to  the 
more  recent  researches  of  Klein  and  others,  it  now  occu- 
pies an  important  place  in  the  history  of  cell  development. 
The  process  consists  in  the  formation  of  a  vacuole  in  the 
body  of  the  cell.  This  vacuole  may  gradually  increase  in 
size  until  it  occupies  nearly  the  whole  of  the  cell,  being 
merely  surrounded  by  a  thin  layer  of  protoplasm,  in 
which  may  often  be  seen  the  displaced  nucletis  (Fig.  3,  h). 
Within  this  vacuole  one  or  more  new  elements  arc  formed. 
These  either  originate  from  tiie  nucleus  of  the  cell,  or  they 
are  produced  from  the  protoplasm  which  forms  the  wall 
of  the  vacuole.  In  the  latter  case,  according  to  Dr.  Klein, 
buds  grow  out  from  the  ]irotoplasmic  wall  towards  the 
interior  of  the  vacuole,  and  these  becoming  detached,  form 
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new  cells.*  A  vacuolated  cell  with  an  endogenous  brood 
is  shown  in  tlie  accompanying  drawing  (Fig.  3),  for  which 
I  am  indebted  to  the  observer  just  quoted.  It  must, 
however,  be  remembered,  in  forming  any  conclusion  as  to 
the  origin  of  small  cells  within  a  larger  cell,  that  thei"e 
exists  the  iDossibility  that  these  may  have  entered  from 
without. 

Fir;.  3. 


A  Vacuolated  Cell.  a.  I'l-otoplasm  of  cell  consti- 
tutiug  wall  of  the  vacuole,  b.  Displaced  nuclei, 
c.  The  vacuole,  d.  Drop  of  fat.  c.  Endogenous 
brood.  (Klein.) 

The  endogenous  mode  of  cell  formation  is  not  that  by 
which  tissues  regenerate  themselves.  This  is  usually 
effected  by  simple  division.  Elements  which  have  an 
endogenous  origin  have  commouly  a  destiny  diiierent  from 
that  of  the  pareut  cell. 

In  multiplication  by  gemmation,  a  small  portion  of  the 
protoplasm  projects  from  the  cell  and  becomes  detached 
by  constriction  at  its  base,  thus  forming  a  new  cell.  This 
IS  much  less  frequent  than  the  two  former  pvocesses.f 

*  "Th,.  Anatomy  of  the  Lymphatic  System,"  vol.  i.  pp.  oo-CO  • 
and  Kleu,  on  Endothelial  vesicles  of  growing  blond-vessels  in  tbj 
embryo  clnck."  yitzungsberichte  der  Wiener  k.  Academic  d.  AVis- 
senschaften,"  I'art  for  IMarch,  1.S7]. 

t  The  author  wishes  it  to  be  distinctly  understood,  that  iu  the 
subsequeut  pages  the  l,erm  -cell"  is  employed  to  dcsi^^nate  ho 
most  elementary  fm^lor  of  the  lissu,.s  which  is  capable  of  ^xhibitin^ 
the  phe,,o,.UM,a  characteristic  of  an  independeit  organisn..  q  Uo 
irrespectively  of  the  existence  of  a  coU-wall,  or  even  o7  a  nuc  eu" 
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NUTEITION  ARRESTED. 

NECROSIS. 

T}iE  absolute  and  permanent  arrest  of  nutrition  in  a  part 
constitutes  necrosis,  gangrene,  or  local  death. 

Etiology. — Whatever  interferes  with  the  supply  of 
nutritive  material  to  a  part,  or  destroys  the  activity  of  its 
cellular  elements,  may  cause  its  death. 

A.  The  supply  of  nutritive  material  may  be  interfered 
with  by : — 

1.  Obstruction  in  the  Arteries. — This  is  a  common  cause 
of  necrosis.  The  obstruction  may  be  caused  by  a  liga- 
ture, by  compression  of  the  vessel,  by  solution  of  its  con- 
tinuity, by  thrombosis  or  embolism,  and  by  disease  of 
the  arterial  coats.  If  the  obstruction  be  complete  and  a 
collateral  circulation  cannot  be  established,  death  of  the 
part  quickly  ensues. 

2.  Ohstrudion  in  tlte  Gcqnllarios. — Obstruction  here  is 
often  the  result  of  pressure  upon  or  stretching  of  the 
vessels.  This  may  take  place  from  the  accumulation  of 
inflammatory  products,  hcemorrhage,  or  from  the  jJressure 
exercised  by  new  growths.  The  resulting  obstruction  to 
the  capillary  circulation  causes  the  death  of  the  imme- 
diately adjacent  tissues.  As  examples  of  necrosis  from 
this  cause  may  be  mentioned  that  of  the  superficial 
layers  of  the  bone  which  so  frequently  results  from 
periostitis,  owing  to  the  compression  of  the  capillaries 
between  the  bone  and  the  periosteum  ;  also  the  sloughing 
of  the  skin  over  a  f|uickly-growing  abscess. 

The  capillary  circulation  is  also  obstructed  iu  conditions 
of  complete  stasis — i.n.,  stoppage  of  the  blood-stream  with 
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coagulation  of  tlie  blood.  Such  stasis,  winch  occurs  as  the 
result  of  necrosis  of  the  cajflllary  walls  from  whatever 
cause,  will  be  considei-ed  in  the  chajDters  on  lullamuiation 
and  Thrombosis.  It  will  be  sufficient  to  note  here  that  its 
occurrence  may  not  only  be  a  cause  of  tissue  disorganisa- 
tion, but  that  necrotic  processes  by  destroying  the  vitality 
of  the  capillary  walls  may  induce  stasis.  It  is  stasis  thus 
produced  which  tends  to  prevent  ha?morrhage  from 
gangrenous  parts. 

3.  Obstruction  in.  the  Veins. — Obstruction  to  the  return 
of  blood  by  the  veins  must  be  so  complete  in  order  to 
arrest  nutritiou  that  it  is  in  itself  rarely  a  cause  of 
necrosis.  It  is  when  associated  with  obstruction  in 
the  arteries  that  it  constitutes  an  important  agent  in 
producing  this  result.  This  combination  of  veuous  and 
arterial  obstruction  is  seen  in  a  strangulated  hernia,  in 
the  invagination  of  a  portion  of  the  intestine,  in  the 
coustriction  of  a  part  by  a  tight  bandage,  and  in  contu- 
sions and  lacerations  of  the  soft  parts  in  which  both 
arteries  and  veins  are  injured  or  become  strangulated  by 
the  tension  of  the  tisues  which  subsequently  ensues. 

4.  Diminuluid  Cardiac  Power. — This  is  never  inde- 
pendently a  cause  of  necrosis.  In  cases,  however,  of 
excessive  general  debility,  or  disease  of  the  cardiac  sub- 
stance, the  consequent  diminution  in  the  contractile 
power  of  the  heart  materially  aids  the  foregoing  causes 
in  producing  a  fatal  blood-stasis.  Tlie  arrest  of  the  cir- 
culation in  "  senile  gangrene,"  and  that  which  so  often 
occurs  in  the  tissues  of  the  back  in  adynamic  fevers  and 
in  chronic  exhausting  diseases,  is  in  part  the  result  of 
diminished  ca,rdiac  power.  This  arrest  in  the  last-named 
conditions,  is  usually  determined  by  some  injurious 
stimulation  of  the  tissue— in  otiier  words,  it  is  a  part  of 
an  iiillaimualor}'  process. 

5.  InJlanini<(tion,.—'rhe  effect  of  the  iullammatory  pro- 
cess is  to  imju'de  or  arrest  the  circulation,  and  to  imjiair 
the  vitality  of  the  all'ected  inxrt,  and  tiie  intensity  of  the 
process  nuiy  bo  so  great  as  to  permanently  arrest  the 
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circnlation  and  cause  death  (see  "Inflammation").  Cer- 
tain inflammations  have  a  special  tendency  to  terminate 
in  necrosis,  as  diphtheria,  carbuncle,  and  "  hospital  gan- 
grene." In  these  conditions  the  necrotic  tendency  is 
probably  dne  to  the  presence  of  minnte  organisms.  In 
all  cases,  the  more  impaired  the  nntrition  of  the  part 
which  becomes  the  seat  of  an  inflammatory  process,  the 
more  likely  is  this  to  cause  its  death. 

B.  Destruction  of  the  activity  of  the  cellular  elements 
may  be  caused  by  : — 

1.  Traumatic  and  Ghemical  Agencies. — A  part  may  be 
completely  disorganised  and  lose  its  vitality  as  the  result 
of  external  violence.    Many  corrosive  substances  also,  as 
acids  and  caustic  alkalies,  destroy  the  life  of  cells.  The 
cells  of  a  tissue  may  thus  have  their  vitality  destroyed, 
and  the  blood-vessels  remain  uninjnred,  or  both  cells  and 
vessels  may  be  involved.    Putrid  organic  substances,  as 
foul  urine  and  secretions  from  -wounds,  may  in  the  same 
way  interfere  with  the  life  of  cells,  and  cause  their  death. 
They  most  frequently  do  so,  however,  by  inducing  in  the 
first  place  an  inflammatory  process  ;  but  sometimes  death 
ensues  directly,   quite  independently   of  inflammation. 
The  injurious  influence  of  such  licpiids  is  probably  due, 
to  the  presence  in  them  of  minute  organisms  (septic  * 
bacteria). 

2.  Abnormal  Temper alurc— The  vitality  of  cells  can 
only  be  maintained  within  certain  limits  of  temperature; 
extreme  degi-ees  of  heat  or  cold  cause  their  death.  Here, 
as  in  the  case  of  other  injuries,  the  abnormal  temperature 
often,  but  by  no  means  always,  causes  in  the  first  place 
an  inflammatory  process. 

Having  considered  the  several  canses  of  necrosis,  it 
must  he  borne  in  mind  that  the  pi-ocess  is  ol'tou  complex 
and  due  to  tlie  combined  intlueuce  of  two  or  more  of 
them.  The  liability  to  necrosis  will  also  depend  greatly 
upon  the  poiuer  (if  tlic  iiHunes  to  resinl  necrotic  injtii.encos. 
Conditions  which  would  lead  to  the  doatli  of  a  part  in 
which  the  circulation  was  already  impeded  or  the  vitality 


16 


NUTRITION  AERESTED. 


of  the  cellular  elements  imiDaired,  would  produce  no  such 
effect  where  such  local  weakness  did  not  obtain.  This  is 
well  exemplified  by  the  necrosis  of  the  tissues  of  the  back 
from  pressure,  which  so  often  occurs  in  conditions  of 
debility  ;  by  the  gangrene  of  the  extremities  which  some- 
times results  from  the  long  continued  ingestion  of  ergot ; 
and  especially  by  senile  gangrene. 

Senile  Gangrene. — This  is  a  form  of  necrosis  which 
affects  especially  the  lower  extremities  of  old  people,  and 
is  the  result  of  several  of  those  etiological  conditions 
which  have  already  been  enumerated. 

The  most  important  element  in  the  production  of  senile 
gangrene  consists  in  the  occurrence  of  atheromatous  or 
calcareous  changes  in  the  arteries  of  the  limb,  in  conse- 
quence of  which  the  circulation  in  it  becomes  imiDcded  and 
its  vitality  impaired.  This  is  evidenced  by  the  coldness 
of  the  feet,  the  cramps,  and  the  other  abnormal  sensa- 
tions which  are  so  often  experienced  by  the  patient  some 
time  before  the  gangrene  sets  in.  This  tendency  to  local 
stagnation  of  the  circulation  is  usually  materially  in- 
creased by  the  simultaneous  atrophy  or  degeneration  of 
the  muscular  substance  of  the  heart  itself.  The  combined 
effect  of  the  diminislred  vis  a  tergo  and  of  the  arterial 
degeneration  may,  in  some  cases,  be  alone  sufficient  to 
canse  arrest  of  the  circulation  and  the  formation  of 
thrombi  in  the  vessels  of  the  limb,  and  thus  to  cause 
gangrene.  The  supervention  of  the  gangrene,  however, 
is  usually  determined  by  some  injurious  stimulation  of 
the  tissue,  as  a  slight  abrasion  of  the  foot,  a  bruise,  injure- 
to  a  corn,  or  excess  of  heat  or  cold,  which  sets  up  in- 
flammation in  the  already  weakened  part,  and  thus  by 
still  further  obstructing  the  circulation  in  it,  and  impair- 
ing its  vitality,  causes  its  death. 

Chakacteus  of  Dead  Paht. — The  characters  of  the 
dead  part  vary  with  its  structure,  its  vasci;larity,  the 
cause  of  the  necrosis,  the  acuteness  of  the  process,  and 
the  i)ossiljility  of  the  access  of  atmospheric  air.  The 
more  vascular  the  tissue,  the  softer  its  structure,  aird 
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the  more  it  is  exposed  to  the  atmosphere,  the  more 
rapidly  and  completely  does  it  nuderg-o  decomposition. 
Bone,  cartilage,  and  tendons,  which  are  firm  hard  tissues, 
containino-  comparatively  but  few  vessels,  undergo  very 
little  alteration  in  structure  and  form;  whereas  softer 
parts  are  much  more  rapidly  and  completely  destroyed. 

In  those  cases  in  which  the  dead  part  contains  but  little 
water,  as  when  the  necrotic  jDrocess  is  associated  with 
obstruction  of  the  arteries  and  there  is  no  interference 
with  absorption  by  the  veins  and  lymphatics,  or  when, 
owing  to  the  destruction  of  the  epidermis,  there  is  great 
loss  of  water  by  eva])oration,  it  may  gradually  dry  up 
and  become  converted  into  a  dark  shrunken  mass  which 
undergoes  but  little  further  change.  This  constitutes 
dry  rjanrjrene  or  mummification.  It  often  occurs  in  necrosis 
from  embolism,  in  that  induced  by  ergot  of  rye,  and  in 
senile  gangrene. 

When,  on  the  other  hand,  the  part  is  moist,  as  where 
the  necrosis  is  associated  with  venous  obstruction,  so  that 
the  return  of  blood  and  absorption  of  fluids  is  interfered 
with,  the  gradual  drying  up  of  the  dead  tissue  rarely 
takes  place.  Under  these  circumstances,  if  the  part  be 
exposed  to  atmospheric  influences,  septic  bacteria  obtain 
an  entrance,  and  the  moisture  being  favourable  to  their 
development,  the  dead  tissue  undergoes  putrid  decomposi- 
tion, such  as  occurs  naturally  in  the  body  after  death. 
In  a  limb,  for  example,  the  liquor  sangniuis  transudes 
from  the  blood-vessels,  and,  evaporation  being  to  a  great 
extent  hindered  by  the  epidermis,  the  transuded  and 
accumulated  liquids  often  form  large  bullas  on  the  surface. 
As  decomposition  proceeds,  gases  are  generated  in  the  part 
—principally  sulphuretted  hydrogeii,  ammonia,  nitrogen, 
and  carbonic  acid.  These  give  rise  to  the  emphysematous 
crackling  which  is  so  often  assooia.tcd  wltli  the  gan- 
grenous process.  Tho  tissues  at  tho  same  time  undergo 
a  process  of  softening  or  liquefaction,  tho  limb  becomes 
exceedingly  offensive,  and  owing  to  alterations  in  tho 
transuded  haemoglobin,  changes  from  a  reddish  colour  to 
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a  brownish  or  greenisli  black.  This  form  of  necrosis  is 
known  as  moist  gangrene.  It  occurs  only  in  external 
jDarts  and  in  those  internal  organs  to  which  the  air  is 
freely  accessible,  as  the  lungs.  "When  met  with  in  other 
situationa  it  is  due  to  infection  with  septic  matter. 

In  many  cases  the  necrotic  process  is  associated  with 
fatty  degeneration.'  The  dead  tissue  then  presents 
somewhat  different  characters,  often  becoming  caseous 
or  liquefying.  These  forms  will  be  considered  in  the 
chapters  devoted  to  this  form  of  degeneration. 

The  changes  in  certain  tissues  must  now  be  considered 
more  particularly.    Firstly,  with  regard  to  the  blood : — 
This  fluid  undergoes  the  earliest  and  most  rajDid  change. 
The  hajmoglobin  escapes  from  the  red  corpuscles,  partly 
by  exudation,  and  partly  by  the  destruction  of  the  cor- 
puscles themselves,  and  dissolved  in  the  hquor  sanguinis 
permeates  the  surrounding  tissues.    The  corpuscles  are 
ultimately  completely  annihilated,  nothing  remaining  but 
a  few  minute  granules.    The  staining  of  the  tissues  with 
haemoglobin  is  commonly  known  as  post  mortem  staining, 
and  the  appearances  it  presents  are  very  characteristic. 
The  lining  membrane  of  the  heart  and  blood-vessels, 
being  in  immediate  contact  with  the  blood  after  death, 
are  the  parts  principally  affected.    The  staining  is  of  an 
uniform   pinkish-red   colour,   thus   differing   from  the 
punctiform  and  stratiform  redness  of  hypera3mia,  from 
which  it  miist  be  carefully  distinguished.    The  amount 
of  staining  is  in  proportion  to  the  rapidity  with  which 
decomposition  has  taken  place,  and  to  the  amount  of 
blood  contained  in  the  part  at  the  time  of  death. 

In  muscle  the  arrest  of  nutrition  is  accompanied  by  a 
state  of  rigidity,  known  as  the  JRigor  ilTon'/s.  This  is  a 
peculiar  condition  of  the  muscles  observed  in  almost  all 
bodies  after  death,  in  which  they  become  ilrm  and  some- 
what shortened,  as  though  in  a  state  of  chronic  contrac- 
tion. It  comes  on  as  soon  as  the  muscles  have  lost  their 
irritability — i.e.,  their  capability  of  responding  to  artificial 
stimulation ;  in  other  words,  as  soon  as  the  nutritive 
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processes  have  completely  ceased.  The  time  of  its 
appearance  will  therefore  depend  upoa  the  state  of  uutri- 
tion  of  the  muscles  at  the  time  of  death ;  the  more 
healthy  and  vigorous  this  is,  the  longer  it  is  before  the 
nutritive  processes  completely  cease,  and  consequently 
the  longer  it  is  before  the  rigor  mortis  supervenes.  The 
length  of  its  duration  and  its  intensity  are  in  direct  pro- 
portion to  the  lateness  of  its  appearance.  In  people,  for 
example,  who  are  in  perfect  health,  and  die  suddenly,  as 
from  accident,  the  rigor  mortis  does  not  usually  come  on 
irntil  from  ten  to  twenty-four  hours  after  death  ;  it  is  very 
marked,  and  often  lasts  two  or  three  days.  In  those,  on 
the  other  hand,  who  die  from  some  exhausting  disease,  as 
from  chronic  phthisis  or  the  adynamic  fevers,  in  which 
the  nutrition  of  the  muscles  becomes  much  impaired,  the 
rigor  mortis  appears  very  soon,  sometimes  as  early  as  ten 
minutes  after  death ;  it  is  very  slight  and  may  pass  off  in 
less  than  an  hour.  It  has  been  said  that  in  cases  of  death 
from  poisoning  by  carbonic  acid  and  sulphuretted  hydro- 
gen, from  lightning,  and  from  some  of  the  severer  forms 
of  the  adynamic  fevers,  the  rigor  mortis  is  entirely  absent. 
It  is  doubtful,  however,  if  this  is  the  case,  as  the  .rigor 
mortis  has  probably  escaped  observation,  owing  to  its 
early  supervention  and  rapid  disappearance.  As  soon  as 
the  rigor  mortis  has  passed  off  decomposition  of  the 
muscular  tissue  commences. 

With  regard  to  the  nature  of  the  change— it  was  for- 
merly supposed  to  be  a  spontaneous  contraction,  the  last 
act  of  vitality  on  the  part  of  the  muscle.  More  recently, 
however,  Kiihnc  ami  otliers  have  shown  tliat  it  is  really 
owing  to  the  coagulation  of  the  albuminous  substance  of 
the  muscle— myosin.  The  myosin,  fluid  during  life, 
coagulates  when  nutrition  has  ceased,  the  coagulation 
being  attended  by  the  lilieration  of  a  free  acid.  Thus  is 
produced  the  firmness,  luirdness,  and  opacity  of  the 
muscle,  which  disappeti.r  as  soon  as  disintegration  and 
decomposition  commence.  The  transverse  striatioti  of  the 
fibres  then  becomes  indistinct,  and  gives  place  to  irregular 
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rows  of  granules  and  fat  molecule?,  the  muscle  softens, 
its  sarcolemma  is  destroyed,  and  ultimatel}'  nothing  re- 
mains but  a  soft  structureless  debris.  This  change 
occurs  not  only  in  muscle,  but  in  the  cells  of  other  tissues 
a  similar  coagulation  of  the  protoplasm  takes  place  on 
the  cessation  of  the  nutritive  processes. 

Eespecting  the  changes  in  other  tissues  : — Protoplasm 
generally  not  only  coagulates  but  tends  to  become  tiuelj- 
granular  after  death.  It  sometimes  increases  in  size  so 
that  the  cells  look  swollen;  and  in  nucleated  cells  the 
nucleus  often  shrinks  or  entirely  disappears.  The  cells  ulti- 
mately break  up  into  molecules  of  various  sizes.  In  adipose 
tissue,  the  cells  diminish  in  size,  owing  to  the  escape  of 
the  fluid  fat  which  diffuses  itself  throughout  the  surround- 
ing structures.  The  fibres  of  connective  tissue  swell  up, 
become  opaque,  and  ultimately  liquefy,  in  nerve-fibres, 
the  white  substance  of  Schwann  coagulates  and  collects 
into  small  drops  (myelin)  within  the  neurilemma.  Carti- 
lage and  bone  resist  the  necrotising  process  longer  than 
ttny  of  the  tissues  and  are  the  least  altered  by  it. 

Teeminatjons. — The  termination  of  the  necrotic  process 
varies.  It  may,  after  involving  a  greater  or  less  extent  of 
tissue,  become  arrested,  and  a  "  line  of  demarcation"  form 
between  the  dead  and  living  parts — Circumscrihed  Gaii- 
f/rene;  or  the  process  may  continue  to  extend  without  any 
such  attempt  at  recovery — Diffuse  Gangrene.  Whether 
the  one  or  the  other  occurs  will  depend,  in  great  measure, 
upon  the  presence  or  absence  of  any  pre-existing  local 
weakness  either  in  the  circulation  or  the  tissues.  Necrotic 
processes  in  a  healthy  individual  tend  to  become  circum- 
scribed, but  when  the  circirlation  is  enfeebled,  or  the 
vitality  of  the  tissues  impaired,  as  in  the  aged,  they  are 
liable  to  be  diffuse.  (See  "  Senile  Gangrene.'')  The  presence 
of  septic  bacteria  also  tends  to  interfere  with  the  arrest  of 
a  necrotic  process. 

When  the  process  becomes  arrested,  the  dead  tissue — 
the  sphacelus  or  slough — acts  as  a  foreign  body,  and  as 
such  sets  up  inflammatory  changes  iu  the  adjacent  living 
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structures,  and  by  this  meaus  it  is  ultimately  removed  or 
becomes  encapsuled.  The  tissues  immediately  sur- 
rounding tlie  necrosed  part  are  thus  in  a  state  of  inflam- 
mation, as  is  evidenced  in  external  structures  by  their 
swelled  condition,  red  colour,  and  high  temperature.  As 
the  necrotic  process  ceases,  the  dead  fragment  becomes 
limited  by  this  line  of  inflamed  tissue,  whicb  constitutes 
the  "line  of  demarcation"  hetween  the  dead  and  living 
parts.  Along  this  line  a  process  of  suppuration  takes 
place,  and  by  means  of  this  the  dead  mass  is  gradually 
separated  from  the  surrounding  structures.  The  ultimate 
termination  of  the  process  depends  principally  upon  the 
situation  of  the  afiected  part If  this  be  superficial,  the 
slough  is  thrown  off,  as  iu  external  parts,  the  intestines, 
the  pbarynx,  &c.,  an  ulcerated  surface  being  left.  If  the 
dead  mass  is  deeply  seated,  its  removal  becomes  possible 
only  by  the  extension  of  the  necrotising  process  to  the 
surface,  as  is  exemplified  by  the  spontaneous  removal  of 
necrosed  bone  through  fistulous  openings  in  the  soft  parts. 

In  other  cases  the  inflammatory  process  which  takes 
place  in  the  tissues  surronuding  the  dead  part  is  less 
intense,  and  the  formation  of  pus  is  less  abundant  and 
IS  soon  followed  by  that  of  vascularised  connective  tissue, 
a  layer  of  which  is  ultimately  formed  around  the  necrosed 
mass,  Ijy  which  it  becomes  encafsulecl.  This  occurs 
especially  in  interna!  parts.  E.\-araples  of  it  are  furnished 
by  foreign  bodies,  haamorrhagic  infarcts,  accumulated 
epitliehal  products,  portions  of  necrosed  bone,  and  a 
IdituH  in  the  abdominal  cavity,  all  of  which  may  thus 
become  surrounded  by  a  hiyer  of  connective  tissue.  The 
part  when  thus  encapsuled  is  usiuilly  rendered  inert  and 
no  longer  acts  as  an  irritant  to  the  tissues  in  which  it  lies  ; 
it  undergoes  a  gradual  jirocess  of  absorption  and  dryiug 
up,  and  often  becomes  calcified. 
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CHAPTER  III. 

NUTRITION  IMPAIEED. 

It  lias  been  seen  in  the  preceding  chapter  that  the  abso- 
lute arrest  of  nutrition  is  followed  by  the  complete  cessa- 
tion of  all  manifestations  of  vitality  and  function,  con- 
stituting necrosis  or  local  death.  Those  conditions  must 
now  be  considered  in  which  the  interference  with  nutri- 
tion, for  the  most  part,  falls  short  of  absolute  arrest,  and 
in  which,  although  vitality  is  impaired,  death  is  only  an 
occasional  sequence.  Such  conditions  are  comprised 
under  "Atrophy,"  and  "  Degeneration." 

ATROPHY. 

Atrophy  is  a  diminution  in  the  amount  of  a  tissue, 
owing  either  to  diminution  in  the  size,  or  diminution  in 
the  iw))i&er,  of  the  histological  elements  of  which  it  is 
composed.  It  is  attended  by  loss  of  weight,  and  impair- 
ment of  function.  When  the  elements  are  diminished  in 
size  only,  it  is  called  Simiile  Airopliy  \  when  the  niimhcr 
is  diminished,  it  is  called  N/imeriml  Atrophy.  These 
two  varieties  are  often  associated,  being  difierent  stages 
of  the  same  process. 

Simple  diminution  in  the  size  of  the  elements  of  a 
tissue  is  the  most  common  condition  met  with  in  atrophy. 
It  is  well  exemiilificd  by  what  takes  place  in  ordinary 
emaciation,  in  which  the  fat  gradually  disappears  from 
the  subcutaneous  adipose  tissue.  Adipose  tissue  is 
merely  common  connective  tissue,  many  cells  of  which 
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are  distended  with  fat.  When  a  person  emaciates,  the 
fat  is  gradually  removed  from  the  cells  so  that  thej'- 
diminish  in  size,  and  the  fat  which  completely  filled  the 
cell  may  be  reduced  to  a  few  isolated  drops  :  the  cell-wall 
and  nucleus  at  the  same  time  often  become  distinctly 
visible  (Fig.  -I).  Here  there  is  no  destruction  of  the  cells, 
no  diminution  in  their  number,  but  simply  the  removal 
of  some  of  their  contents.  As  the  fat  is  removed  from 
the  cells  it  is  usually  partially  replaced  by  a  serous 
fluid.  A  multiplication  of  the  nucleus  is  also  often  observed. 


Fig.  4. 

a  A 


All i pone  tisaiip.  A.  Normal.  B.  Atrophic,  from  a  case  of 
phtliisis.  a.  A  .single  fat-cell,  with  cell-wall,  nucleus,  and 
drop  of  fat.     x  300.  (Virchovv^.) 

This  diminution  in  the  size  of  the  elements  may  take 
place  in  any  tissue.  The  cells  of  all  glandular  organs 
may  thus  become  atrophied,  and  so  produce  a  diminution 
in  the  size  of  the  whole  organ.  Muscular  tissue  in  the 
same  way  atrophies  by  the  diminution  in  the  size  of  its 
primitive  fasciculi ;  and  here  also,  as  in  adi])ose  tissue,  the 
process  appears  often  to  be  associated  with  a  multiplica- 
tion of  the  nuclei  of  the. muscle.  In  all  these  cases  the 
elements  remain  almost  unchanged,  and  hence  all  that 
is  necessary  for  the  restitution  of  the  tissue  is  an  increase 
in  their  nutritive  activity,  and  the  assimilation  of  more 
material. 

A  diminution  in  the  number  of  elements — numerical 
atrophy — is  often  an  advanced  stage  of  the  more  simple 
process.  The  elements  not  only  diminisli  in  size,  but  some 
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.  of  them  actually  perish  and  cease  to  exist  as  vital  agents. 
This  destruction  of  histological  elements  which  occursboth 
in  atrophy  and  in  some  forms  of  degeneration  has  been 
called  by  Virchow  Nocrohiosis.  In  it,  restitution  is  onl}-- 
possible  by  the  production  of  new  elements,  whereas 
in  sim]-)le  atrophy  repair  can  be  effected  without  new  for- 
mation. In  certain  tissues,  as  the  spleen,  lymphatic 
glands,  and  shin,  atrophy  is  probably  always  due  mainly 
to  numerical  loss. 

Atrophy  may  be  general — affecting  to  a  greater  or 
less  extent  all  the  organs  and  tissues  of  the  body,  or  it 
may  ha  partial  and  limited  to  particular  parts.  General 
atrophy  affects  in  the  first  place  the  subciitaneous  adipose 
tissue,  then  the  adipose  tissue  in  other  situations,  as  that 
surrounding  the  viscera  and  in  the  omentum,  then  the 
muscles  and  glandular  organs,  and  lastly  the  nervous  and 
osseous  structures. 

Although  atrophy  in  its  strict  signification  consists 
simply  in  a  diminution  in  the  size  or  in  the  number  of 
the  component  elements  of  a  tissue,  it  is  rarely  a  perfectly 
simple  i^rocess,  but  is  usually  associated  with  more  or  less 
fattij  degeneration.  This  is  owing  to  the  fact  that  when- 
ever the  nutrition  of  a  ])art  is  so  much  interfered  with  as 
to  caiise  it  to  atrophy,  it  is  very  prone  to  undergo  fattj- 
changes ;  and  it  will  be  seen,  when  speaking  of  "  fatty 
degeneration,"  that  this  process  owes  its  origin  to  causes 
similar  to  those  which  produce  atrophy  itself. 

Etiology. — In  speaking  of  the  causes  of  atrophy,  it  will 
be  necessary  to  distinguish  between  those  which  act  upon 
the  tissues  generally, 'and  those  which  have  merely  a  local 
influence. 

General  Atroitliy  may  be  caused  by : — 

1.  Bcjicient  snpjihj  of  Nitfritivo  Material h:\texcr 
interferes  with  the  supply  of  untrilivc  material  to  the 
tissues  will  be  followed  by  their  atrojihy.  Deficient 
supply  of  food;  obstruction  to  the  passage  of  the  food 
into  the  stomach  or  intestines,  as  in  stricture  of  the 
o;sopliagus  or  pylorus  ;  the  mal-assimilation  which  re- 
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sialts  from  tlie  various  conditious  giving  rise  to  dys- 
pepsia ;  interference  with  the  absorption  of  the  cliyle,  from 
obstruction  of  the  thoracic  duct,  or  disease  of  the  mesen- 
teric ghmds  constituting  the  so-called  "  tabes  mesenterica;'' 
may  all  in  this  manner  be  causes  of  general  atrophy. 

2.  E.i'cesstL'e  Waste. — All  those  conditions  which  are 
attended  by  the  loss  of  large  quantities  of  nutritive 
material  may  be  caxises  of  general  atrophy.  Such  con- 
ditions 'cive  furnished  by  continuous  htemorrhages,  profuse 
and  long-continued  suppuration  such  as  often  occurs  in 
caiies  and  empyema,  diarrhoea,  and  the  excretion  of  large 
quantities  of  albumen  or  sugar  as  in  Bright's  disease  or 
diabetes.  The  waste  residting  from  the  increased  tissue- 
change  which  accompanies  acute  febrile  diseases  must  also 
be  included  under  this  head. 

3.  hapaired  Nutritive  Activity. — This  constitutes  an 
important  element  in  the  production  of  the  atrophy  of 
old  age, — senile  atropliy.  As  life  advances,  the  vitality  of 
the  elements  gradually  diminishes,  their  ability  to  separate 
nutritive  material  from  the  blood  and  to  assimilate  it  for 
their  own  maintenance  becomes  less  and  less,  and  hence 
they  gradually  atrophy,  and  ultimately  all  manifestations 
of  their  vitality  may  cease. 

Although  general  atrophy  may  thus  be  referred  to  one 
of  the  foregoing  causes,  it  is  rarely  a  simple  process,  but 
usually  depends  upon  the  combined  influence  of  two  or 
more  of  them.  The  atrophy  associated  with  pidmonary 
phthisis,  for  example,  results  partly  from  the  loss  of 
nutritive  material  in  the  profuse  expectoration  and 
diarrlKi;a,  partly  from  the  deficient  supply  consequent 
upon  tbe  imperfect  oxidation  of  the  blood  and  upon  the 
interference  with  assimilation  which  is  so  often  caused 
by  structiiraf  changes  in  the  stomach  and  intestines, 
and  [)artly  from  the  increased  tissue-change.  In  senile 
atrophy,  again,  in  addition  to  the  general  diminution  of 
nutritive  activity,  there  is  frequently  some  condition  of 
the  digestive  organs  interfering  with  assimilation  whieli 
materially  aids  in  producing  the  uUimate  result.  The 
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atrophy  wlucli  accom2Danies  the  acute  febrile  diseases  is 
by  no  means  a  simple  process,  increased  tissue-change, 
loss  of  appetite,  and  interference  with  assimilation  being 
all  component  parts  of  it. 

Partial  Atrophy  may  be  caused  by  :  — 
1.  Imperfect  Supj^ly  of  Blood—The  effect  of  interfering 
with  the  supply  of  blood  to  a  part  will  depend  upon  the 
extent  of  the  interference.  If  it  be  entirely  cut  off  the 
part  will  die  (see  "Necrosis"),  if  merely  diminished  it 
will  atrophy. 

Diminished  supply  of  arterial  blood  is  a  common  cause 
of  atrophy,  and  may  be  brought  about  in  various  ways. 
The  nutrient  vessels  may  be  obstructed  by  pressure  exer- 
cised upon  them  within  or  without  the  organ  to  which 
they  are  distributed.  In  cirrhosis  of  the  liver,  the  pres- 
sure exercised  by  the  new  growth  of  iuter-lobular  tissue 
causes  atrophy  of  the  secreting  structures.  In  other 
cases  the  supply  of  blood  is  diminished  by  interference 
with  the  circulation  at  some  distance  from  the  part,  as  by 
the  pressure  of  a  tumour  upon  the  artery  leading  to  it. 
The  atrophy  of  the  proximal  end  of  the  shaft  of  a  bone 
after  fracture  above  the  point  of  entrance  of  its  nutrient 
artery  is  due  to  the  same  cause. 

The  atrophies  which  result  from  pressure  exercised 
directly  upon  the  part  itself  are  also  owing  to  the  con- 
sequent interference  with  nutritive  su]iply."  Atrophy  of 
the  sternum  from  the  pressure  of  an  aneurism,  atrophy 
of  the  kidney  from  the  pressure  of  retained  secretion— as 
in  stricture  of  the  urethra,  enlarged  prostate,  etc..  and 
atrophy  of  the  skull  in  chronic  hydrocephalus,  are  well- 
known  examples  of  these  atrophies  from  pressure. 

Mechanical  congestion  in  the  same  way  often  leads  to 
atrophy.  Tlic  circulation  is  impeded,  the  blood  is  not 
returned  normally  by  the  veins,  hence  there  is  deficient 
arterial  sui-i])ly,  and  i.,tro])hy  results.  This  is  seen,  for 
example,  in  the  liver  of  heart  disease.  (See  "  Mechanical 
Hyperannia  of  Liver.'") 

•2.  Binilnishcd  Functional  Acliviiij.~Thk  is  the  most 
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common  cause  of  atrophy,  many  examples  of  wlaicli  are 
furnished  both  by  physiological  and  pathological  pro- 
cesses. After  birth  those  parts  which  are  no  longer  re- 
quired to  serve  any  purpose  in  the  economy  gradually 
atrophy  and  waste.  The  ductus  arteriosus,  the  umbilical 
arteries  and  vein,  the  Wolffian  bodies,  and  later — the 
thymus  gland,  all  in  this  manner  disappear.  The  invo- 
lution of  the  uterus  after  delivery,  the  wasting  of  the 
spleen  and  lymphatic  glands  in  advanced  life,  and  of  the 
lower  jaw  after  the  loss  of  the  teeth,  are  other  physio- 
logical examples  of  atrophy  from  this  cause. 

Muscles  which  from  any  cause  have  hjug  remained 
inactive  atrophy.  This  is  seen  in  the  various  forms  of 
paralysis  ;  also  in  limbs  which  have  become  incapacitated, 
either  on  account  of  anchylosis,  or  of  chronic  diseases  of 
the  bones  or  joints. 

After  the  establishment  of  an  artificial  anus  the  lower 
part  of  the  intestine  atrophies,  and  becomes  converted 
into  a  fibro-cellular  cord. 

Eones  in  the  same  manner  atrophy  from  want  of  use. 
After  the  amputation  of  a  limb  the  cut  end  of  the  bone 
atrophies  ;  and  atrophy  of  the  orbit  follows  extir]:)ation  of 
the  eyeball. 

Interference  with  the  function  of  nerves  is  also  followed 
by  their  al  rophy.  This  is  seen  in  the  atrophy  of  the 
optic  nerve  which  often  follows  destruction  of  the  eye, 
and  also  in  the  atrophy  of  the  nerves  of  a  liuib  winch 
has  long  been  incapable  of  action. 

3.  Increased  Fini.di.nnal  ArMvihj. — This  may  in  quite 
exceptional  cases  be  a  cause  of  atrophy  ;  much  more  com- 
monly, however,  it  is  a  cause  of  hypertrophy.  Certain 
gland.s  sometimes  atrojihy  from  excessive  use,  especially 
the  testicle. 

4.  Tha  Action  nf  Special  SuhHl-dv.ccs. — Certain  sub- 
stances administered  internally  a,ppear  to  bo  capable  of 
prf)ducing  atrophy.  Iodine,  bromine,  mercury,  lead,  and 
the  alkalies,  may  be  enumerated  amongst  the  most  im- 
portant of  these.    Iodine  and  nusrcury  exercise  a  special 
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influence  upon  the  lymphatic  system,  and  bromine  upon 
the  organs  of  generation. 

T).  Nervous  Infliience. — Respecting  the  influence  of  the 
nervons  system  as  a  direct  cause  of  atrophy  little  is  cer- 
tainly known.  That  atrophy  is  a  frequent  sequence  of 
changes  in  the  nerve-trunks  and  nervous  centres  there 
can  be  no  doubt ;  but  it  is  probably  in  most  cases  to  be 
attributed  to  an  indirect  influence.  The  gradual  atrophy 
of  muscles,  for  example,  which  have  become  paralysed 
from  lesions  in  the  brain  or  spinal  cord,  is  usually  rather 
the  result  of  the  consequent  interference  with  their 
function,  than  of  any  direct  influence  upon  their  nutrition. 
In  lesions  of  certain  portions  of  the  nervous  system, 
however,  especiallj^  in  those  involving  the  large  ganglion 
ceUs  of  the  anterior  cornua  of  the  spinal  cord,  such  as 
occur,  for  example,  in  inl'antile  spinal  paralysis,  and 
also  after  some  injuries  of  the  nerve  trunks,  the  muscles 
waste  with  great  rapidity.  In  these  and  similar  cases  it 
must  be  assumed  that  the  nutrition  of  the  muscles  is 
more  or  less  directly  influenced  by  the  nervous  system. 
(See  "  Introduction.")  In  some  cases  also,  changes  in  the 
nervous  system  may  cause  atrophy  by  afl"ecting  the  size 
of  the  blood-vessels,  and  so  interfering  with  the  supply  of 
blood. 

6.  Inflammation— Thifi  is  sometimes  described  as  a 
common  cause  of  atrophy.  The  atrophy,  however,  which 
as  such  a  frequent  sequence  of  an  inflammatorv  process 
is  in  most  cases  due  to  that  new  growth  of  fibroid  tissue 
which  is  developed  in  chronic  inflammations.  The  new 
tissue,  by  the  pressure  which  it  exercises,  causes  atrophy 
of  the  proper  structures  of  the  organ.  This  is  seen,  for 
example,  in  cirrhosis  of  the  liver.  ^  It  is  probable,  also, 
that  the  impairment  of  vitality  which  results  from  an 
inflammatory  j^rocess  may  lead  to  atrophy  of  the  histo- 
logical elements,  inde]iendently  of  the  existence  of  new 
fibroid  growth. 

Physical  Ciiauacteus.— The  estimation  of  atrophy  is 
often  a  matter  of  considerable  difficulty.    The  great  crite- 
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riou  is  dimiiuition  in  absolute  weiglit.  The  weight  of  an 
organ,  however,  varies  considerably  in  health ;  it  varies 
with  the  weight  of  the  body  as  a  whole,  and  it  may  be 
less  than  natural  from  incomplete  development.  The 
same  is  true  also  of  the  muscular  and  osseous  systems. 
An  accumulation  of  blood  and  serosity  in  an  organ  may 
again  increase  its  weight,  and  thus  constitute  a  source  of 
fallacy.  This  is  often  the  case  in  organs  which  have  been 
for  some  time  mechanically  congested,  in  which,  although 
their  size  and  weight  may  be  increased,  their  tissue  is 
considerably  diminished  in  amount. 

Organs  which  are  atrophied  are  usually  diminished  not 
only  in  weight,  but  also  in  size.  In  most  cases  they  con- 
tain less  blood,  they  are  drier,  firmer,  and  more  fibrous  in 
consistence  than  in  health.  Their  functional  powers  are 
invariably  diminished.  The  whole  of  the  textures  of 
which  an  organ  is  composed  may  suffer ;  some,  however, 
usually  do  so  more  than  others.  The  fibrous  constituents 
are  the  last  to  atrophy,  hence  the  firmness,  toughness, 
and  loss  of  elasticity  so  commonly  met  with  in  the 
atrophied  parts.  In  glandular  organs,  the  secreting  cells 
are  usually  the  first  to  show  signs  of  atrophy;  they 
become  smaller,  and  are  often  finely  granular,  from  the 
presence  of  molecular  fat ;  the  vessels  and  nerves  also 
share  m  the  wasting  process.  In  the  subcutaneous  cellular 
tissue,  the  fat  is  gradually  removed  from  the  cells, 
which  thus  diminish  in  size.  In  muscles  the  primitive 
fasiccnli  become  smaller,  and  their  transverse  striio 
gradually  disappear;  ultimately  the  whole  of  the  con- 
tents of  the  sarcolemma  may  be  entirely  removed,  and 
nothing  remain  but  the  connective  tissue.  Tliis  process  is 
usually  ;i,ccompanied  by  more  or  less  fatty  degeneration 
of  the  muscular  fibres,  a,nd  in  some  cases  by  the  develop- 
ment of  lilt  between  tlu.;  fasiccnli.  (,See  I'atty  Infiltration 
ofMu.scle.")  , 

ATliorUV  ()!•'  IKINK. 

_  Atrophy  of  bone  is  always  attended  by  a  diminution 
in  weight,  but  not  always  by  a  diminution  in  size.    It  is 
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met  with  in  two  forms.  In  one,  the  compact  and  can- 
cellous tissue  gradually  become  absorbed,  the  medullary 
canal  diminishes  in  size,  and  the  whole  bone  thus  be- 
comes smaller.  This  is  known  as  concentric  atrophy.  It 
is  met  with  especially  in  the  long  bones,  in  cases  of  long- 
standing anchylosis,  dislocations,  or  paralysis. 

In  the  other  variety  of  atrophy  there  is  no  diminution 
in  the  size  of  the  bone,  but  merely  a  gradual  conversion 
of  compact  into  cancellous  tissue.  The  whole  bone  thus 
becomes  rarefied,  and  it  is  exceedingly  light  and  brittle, 
so  that  it  fractures  with  great  facility.  This,  in  contra- 
distinction to  the  former  variety,  is  known  as  eccentric 
atrophy.  It  is  ^sually  met  with  as  a  senile  change,  and 
is  in  most  cases  accompanied  by  more  or  less  fatty  de- 
generation. 

PULMONARY  YESICULAU  EMPHYSEMA. 

This  appears  to  be  the  proper  place  to  describe  the 
changes  met  with  in  the  lungs  in  emphysema,  inasmuch 
as  these  changes  are  characterised  mainly  by  atrophy  of 
the  walls  of  the  air-vesicles. 

Emphysema  consists  essentially  in  a  permanent  en- 
largement of  the  infundibula  and  air-vesicles  in  larger  or 
smaller  areas  of  the  lungs.  The  dilatation  appears 
usually  to  commence  in  the  infuudibulum,  and  to  extend 
from  this  to  the  air-vesicles  which  open  into  it,  so  that 
ultimately  the  whole  may  be  thrown  into  one  large  cavity. 
As  the  process  proceeds,  communications  are  established 
between  adjacent  groups  of  air-vesicles,  and  thus  cavities 
of  still  larger  area  are  jiroduced. 

Atrophous  Emphysema. — The  more  minute  histological 
changes  which  accompany  emphysema  vary  somewhat  in 
different  varieties  of  the  disease.  In  that  form  of  emphy- 
sema which  occurs  in  old  people,  and  which  is  essentially 
a  senile  change,  the  alterations  in  the  walls  of  the  air- 
vesicles  consist  simply  of  atrojihy  of  the  several  struc- 
tures of  which  they  are  composed : — hence  the  term 
atrophous  or  small-limged  emphysema,  which  is  applied 
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by  Sir  W.  Jenner  to  tbis  variety  of  tbe  disease.  The 
air- vesicles  may  not  be  much  increased  in  size,  but  several 
of  them  are  thrown  into  one,  their  walls  are  consider- 
ably thinner  than  natural,  the  connective  tissue,  elastic 
tissue,  and  blood-vessels  all  having  apparently  shared 
in  the  wasting  process.  There  is  usually  also  an  ab- 
normal amount  of  pigmentation.  Such  lungs  are  smaller 
than  natural,  and  quickly  collapse  when  the  thorax  is 
opened. 

RypeHroplious  Eiiipliijscma. — In  the  other  important 
variety  of  emphysema  the  lungs  are  increased  in  size,  so 
tbat  they  often  bulge  forwards  when  the  thorax  in  opened, 
and  in  contradistinction  to  the  former  variety,  certain 
constituents  of  the  lung-tissue  appear  to  be  increased  in 
amount,  inasmuch  as  the  lungs  are  less  crepitant,  and 
feel  somewhat  denser  and  toagher  than  natural.  This 
is  described  by  Sir  W.  Jenuer  as  ]i.ypertrnj)]i,ous  or  large- 
lunged  emphysema. 

When  such  lungs  are  examined  mici'oscopically,  it  will 
be  found  that  the  dilatation  of  the  air-vesicles  is  more 
marked  than  in  atrophous  emphysema,  although  less 
general  in  its  distribution.  The  atrophic  changes  also  do 
not  affect  equally  the  various  tissues  which  make  up  the 
alveolar  walls.  The  elastic  fibres  app_ear_to  be  more 
®?E5cially  wasted,  whilst,  according  to  some  observers, 
the  connective_  tis.sue  js.in^  I  Imve  been  unable  to 

discover  any  marked  increase  of  the  connective  tissue  in 
the  alveolar  walls,  although  an  increase  of  this  tissue  is 
often  to  be  seen  around  the  smaller  interlobular  blood- 
vessels and  bronchi.  The  caj^illary  blood-vessels  which 
are  distributed  on  the  walls  of  tlie  air-vesicles  are  atro- 
phied and  diminished  in  ciilibrc,  owing  to  the  stretching 
and  prcssiirc  which  result  from  the  vesicular  dilattition, 
whdst  the  larger  interlobular  vcsscds  a,ro  often  found 
thickened  and  di.stendcd  with  l,lo(j<l.  In  ^oma  cases 
there  is  more  or  less  f;itty  degenera.tion  of  the  epi- 
thelium, and  usually  an  abnormal  pigmentation  of  the 
lnn('. 


32 


NUTEITION  IMPAIRED. 


Etiology— It  would  be  beyond  tbe  scope  of  tbe  present 
work  to  dUcuss  the  various  theories  wbieh  have  been  pro- 
ponnded  to  account  for  the  development  of  emphysema. 
It  is,  however,  obvious  that  all  conditions  which  increase 
the  pressure  on  the  inside  of  the  air-vesicles,  or  damage 
the  resisting  powers  of  their  walls,  may  be  causes  of  per- 
manent vesicular  dilatation. 

Increased  pressure  on  the  inside  of  the  air-vesicles  may 
result  from — 

1st.  A^iolent  expiratory  efforts  with  closed  glottis, 
such  as  occur  during  the  act  of  coughing,  blowing  wind 
instruments,  violent  muscular  exertion,  &c.  Those  parts 
of  the  lungs  which  are  least  supported  will  be  over- 
distended.    This  is  the  expiratory  theory  of  Jenner. 

2ud.  Certain  portions  of  the  lungs  being  incapable  of 
expansion,  owing  to  collapse,  consolidation,  asthmatic 
spasm,  &c.  There  will  be  excessive  tension  in  those  parts 
into  which  the  air  can  enter. 

Impairment  of  the  resisting  power  of  the  air-vesicles 
may  result  from — 

1st.  The  loss  of  elasticity  and  atroi:>hy  which  is  a  con- 
comitant of  old  age.  This  is  the  most  important  element 
in  the  causation  of  atrophons  emphysema. 

2nd.  The  atrophy  of  the  air-vesicles  resulting  from  that 
stretching,  of  their  walls  and  obliteration  of  their  blood- 
vessels which  is  caused  by  their  over-distension  from 
increased  pressure  exercised  upon  their  inner  surface. 

3rd.  Damage  to  the  walls  of  the  air-vesicles  which 
probably  in  certain  cases  results  from  previous  attacks  of 
pulmonary  inflammation,  or  from  some  interference  with 
their  nutrition  due  to  mode  of  life  or  to  other  causes. 


Df.gknkhation. 

The  "Degenerations''  include  a  class  of  morbid  pro- 
cesses which  are  clnvracterised  by  an  alteration  in  the 
quidiiij   of  the  tissues,  and  which,  like  atrophy,  are 
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attended  by  impairmeut  of  function,  and  often  by  anni- 
hilation of  histological  elements. 

t  The  alteration  in  the  quality  of  the  tissue  results  either 
from  its  direct  metamorfjhosis  into  a  new  material,  or 
from  its  infiltration  with  some  substance  which  has  been 
conveyed  to  it  from  without. 

Atrophy  and  degeneration  thus  so  far  resemble  one 
another,  that  in  both  processes  nutrition  is  impaired  and 
function  interfered  with.  In  atrophy,  however,  as  pointed 
out  by  Virchow ,  nutrition  is  simply  altered  in  quantity, 
the  waste  of  the  tissue  is  in  excess  of  the  assimilation  of 
new  material,  and,  consequently,  there  is  a  diminntion  in 
the  amount  of  the  tissue  and  an  impairment  of  its  func- 
tional powers.  In  degeneration,  on  the  other  hand, 
nutrition  is  altered  in  quality,  a  new  substance  exists  in 
the  tissues,  which  either  originates  in  the  tissue  itself,  or 
infiltrates  it  from  without ;  this  is  attended  by  impair- 
ment of  the  vitality  and  functions  of  the  elements  of 
which  the  tissue  is  composed,  i-esulting  either  from  the 

,  presence  of  the  new  material,  or  dependent  upon  the  same 
conditions  as  those  which  gave  rise  to  its  formation. 

Etiologv. — Of  the  causes  of  the  Degenerations  as  a  class, 
but  little  can  be  said,  the  various  forms  depending  for  the 
most  part  upon  different  conditions.  These  will  be  con- 
sidered under  their  respective  heads.  Our  hnowledge  of 
this  class  of  morbid  processes  is  necessarily  very  incom- 
plete, inasmuch  as  so  little  is  known  of  the  chemical 
changes  which  take  place  within  cells.  (See  "  Physiology 
of  Cells.") 

The  Degenerations  may  be  divided  into  two  classes — 
the  Mel'i,r,inr]i]ioscs  and  the  Infiltrations. 

1.  Thi:  M(:ta,7iiorp]wse.t. — These  are  characterised  by 
the  direct  metamorphosis  of  the  albuminoid  constitircnts 
of  the  tissues  into  a  new  material.  This  is  usually  fol- 
lowed by  the  destruction  of  the  histological  elements  and 
the  softening  of  the  intercellular  substance,  so  that  ulti- 
mately all  trace  of  structure  may  bo  lost,  and  function 
l;e  completely  arrested.     The  iVIetamorphoses  include 

1) 
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Fatty,  Mncoid,  Colloid,  and  probably  Lardaceous  De- 
generation. 

2.  The  Infiltrations— T:]ieBe  differ  from  ^  the  Meta- 
morplioses  inasmuch  as  the  new  material  wbicb  exists  m 
the  tissues  is  not  derived  from  their  albuminoid  con- 
stituents, but  is  deposited  in  them  fr-om  the  blood: 
there  is  an  infiltration  and  deposition  of  a  new  sub- 
stance. This  is  rarely  followed  by  destruction  of  the 
histological  elements,  or  by  softening  of  the  intercellular 
substance;  hence  the  structure  of  the  tissue  is  much 
less  altered  than  in  the  Metamorphoses,  and  function  is 
usually  much  less  interfered  with.  The  infiltrations 
include  Fatty,  Calcareous,  and  Pigmentary  Infiltration. 


CHAPTER  IV. 


FATTY  DEGENEEATION. 

Fatty  Degeneration  is  an  abnormal  accnmiilation  of  fat 
in  tlie  tissues.  An  accumulation  of  fat  occurs,  however, 
under  very  different  circumstances,  and  under  tlie  general 
term  of  "  fatty  degeneration"  are  included  different 
pathological  jjrocesses.  Befoi'e  proceeding  to  describe 
these  processes  and  the  histological  changes  which  they 
produce,  it  will  be  well  to  consider,  in  the  first  place,  the 
sources  from  which  the  fat  met  with  in  the  body  is 
derived ;  and  secondly,  the  circumstances  under  which  it 
may  accumulate  so  as  to  constitute  a  morbid  process. 

General  Pathology  of  Fatty  Degeneration. — The  chief 
source  of  the  fat  met  with  in  the  body  is  the  oleaginous 
constituents  of  the  food.  A  portion  of  these  are  stored 
up  in  the  cells  of  certain  tissues,  to  be  utilised  as  pro- 
ducers of  force  and  heat  when  the  requirements  of  the 
system  may  demand  it.  The  cells  of  adipose  tissue,  those 
of  the  medulla  of  bone,  and,  to  a  less  extent,  those  of  the 
liver,  thus  serve  as  physiological  reservoirs  for  fat. 

The  other  sources  from  which  fat  may  be  derived  is 
from  saccharine  and  albuminous  principles.  The  albu- 
minous principles  in  the  process  of  nutrition  undergo  de- 
compositron,  and  the  products  of  their  decomposition 
contain  a  certain  amount  of  fat.  This  is  usually  com 
pletely  removed  by  oxidation,  but  under  certain  circum- 
stances the  oxidation  is  incomplete,  and  the  fat  accumu- 
lates in  the  cells  of  the  tissue. 

In  considering  the  circumstances  under  which  an  accu- 
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miilatiou  of  fat  in  the  tissues  may  constitute  a  morbid 
process,  it  is  to  be  remarked  that  it  often  becomes  exceed- 
ingly difficult  here  to  draw  any  sharp  line  of  demarcation 
between  health  and  disease.  This  is  especially  the  case 
when  the  accumulation  of  fat  is  excessive  in  situations 
where  fat  is  normally  met  with.  AVhen  it  occurs  in  abnor- 
mal situations  the  morbid  natm;e  of  the  process  is  evident. 

An  accumulation  of  fat  in  the  tissues  may  occur  so  as 
to  constitute  a  morbid  process  under  the  four  following 
conditions ; — 

1st.  When  the  food  contains  an  excess  of  fat,  or  of 
substances   capable   of   becoming   converted  into  fat. 
Under  such  circumstances  the  oxygen  taken  into  the 
body  is  insufScieut  to  oxidise  the  excess,  and  it  conse- 
quently accumulates  in  the  cells. 

An  accumulation  of  fat  from  this  cause  occurs  as  a 
physiological  process  in  the  growth  of  adipose  tissue. 
Adipose  tissue  is  a  connective  tissue  containing  numerous 
cells  which  are  distended  with  fat.  The  growth  of 
this  tissue  thus  consists  simply  in  the  fatty  infiltration 
of  more  of  these  cells.  (Fig.  5.)  If  this  be  excessive 
it  constitutes  obesity.  The  temporary  accumulation  of 
fat  in  the  liver  during  the  digestion  of  an  aliment  rich 
in  fatty  substances  is  another  example  of  this  kind  of 
deposition.  This  will  be  described  wheu  speaking  of  the 
"  fatty  liver."  If  the  amount  of  fat  be  very  great  it  may 
accumulate,  not  only  in  normal  situations,  but  also  in 
tissues  where  fat  is  not  usually  met  with,  and  in  both  cases 
the  accumulation  will  thus  constitute  a  morbid  process. 

■2nd.  When  there  is  no  such  excess  of  fatty  substances 
in  the  food,  but  the  processes  of  oxidation  are  so  imper- 
fectly performed,  either  locally  or  generally,  that  the  fat 
contained  in  a  uatiiral  diet  is  incompletely  oxidised. 

3.  When  the  fat  which  is  liberated  from  the  nitro- 
genous constituents  of  the  food  during  the  process  of 
nutrition  does  not  undergo  the  complete  oxidation  which 
it  should,  and  so  remains  within  the  cells. 

•J'th.  When  the  fat  which  is  liberated  from  the  proto- 
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plasm  of  cells  during  the  progress  of  initrition  is  incom- 
pletely oxidised,  and  so  accnniulates  in,  and  takes  tlie 
place  of,  the  protoplasm.  Here  there  is  a  gradual  replace- 

Fio.  5. 


Fiiiiij  ItiflUration  of  Connectire  TIssup.  Showiug  the  accu- 
mulation of  fat  -witljin  the  cells.     x  300.  (Eindfleiscli.) 


ment  of  the  protoplasm  by  molecular  fat,  so  that  the  cell 
ultimately  may  be  completely  destroyed. 

Fatty  degeneration  in  which  there  is  this  destruction  of 
histological  elements  is  one  of  the  most  common  forms  of 
the  disease,  and  it  will  hereafter  be  more  fully  described 
a.s  fatty  metamorphosis.  Its  nature  was  first  pointed  out 
by  Dr.  Quain  in  his  well-known  researches  on  fatty  dege- 
neration of  the  heart.*  Dr.  Quain  then  stated  that  the 
fat  met  with  in  the  muscular  fibres  in  this  condition  was 
the  result  of  a  metamorphosis  of  the  fibres  themselves, 
and  was  not  derived  from  without.  The  truth  of  Dr. 
Quain's  teaching  has  since  been  confirjued  by  the  ex- 
perimental investigations  of  Drs.  Voit  and  Bnner. 

Voit  and  Bauer's  investigations  were  made  with  the 
obiect  of  determining  the  source  of  the  fat  in  that  acute 
form  of  fatty  degeneration  which  is  produced  l)y  poisoniug 


*  "  Mcdico-Chirurgical  Trau.s.  Loud.,"  18.50,  vol.  xxxiii. 
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with  pbospliorus,  in  wliicli  tlie  degeneration  is  due  mainlj- 
to  the  destruction  of  the  red  blood  cells,  and  the  consequent 
diminution  in  the  oxidisiug  power  of  the  blood.*  They 
gave  phosphorus  to  dogs  which  had  for  some  days  pre- 
viously been  starved,  so  that  any  fat  which  might  be 
present  in  the  tissues  after  death  could  not  have  been  de- 
rived .either  from  the  food  or  from  the  adipose  tissue  of 
the  animals.  The  phosphorus  produced  very  extensive 
and  general  fatty  degeneration,  and  the  fat  must  obvi- 
ously have  arisen  from  the  protoplasm  of  the  cells.  Voit 
concludes  from  these  investigations — 1st.  That  the  trans- 
formation of  albumin  which  takes  place  in  cells  is  inde- 
pendent of  the  supply  of  oxygen,  but  that  if  the  oxygen 
be  deficient,  the  fat  and  other  products  of  the  transfor- 
mation, being  incompletely  oxidised,  accumulate  in  the 
cell.  2nd.  That  the  presence  of  fat  in  the  cells  may  thus 
be  due  to  increased  transformation  of  the  albumin,  or  to 
diminished  oxidation  of  the  products  of  its  decomposition. 
3rd.  That  the  fatty  degeneration  in  poisoning  by  phos- 
phorus is  due  both  to  an  increased  transformation  of  the 
albumin  of  the  cells,  and  to  diminished  oxidation  of  the 
fat  and  other  products  of  the  tranformation. 

It  will  thus  be  seen  that  of  the  four  conditions  enume- 
rated as  causes  of  fatty  degeneration,  in  all,  with  the 
exception  of  the  first,  the  accumulation  of  the  fat  is 
principally  due  to  incomplete  oxidation,  whilst  in  the 
first  there  is  no  imperfection  in  the  oxidising  processes, 
but  the  oxidisable  materials  are  in  excess.  These  two 
conditions  are  frequently  associated. 

Incompleteness  of  oxidation,  and  a  consequent  tendeucj^ 
to  the  production  of  fat,  occurs  under  various  circum- 
stances. The  red  blood  cells  being  the  carriers  of  oxygen, 
all  those  conditions  in  which  the  supply  of  blood  is 
interfered  with,  the  red  blood  cells  diminished  in  number  or 
defective  in  quality,  or  the  oxygenation  of  the  blood 
imiierfectly  performed,  may  lead  to  fatty  degeneration. 


*  N'oit  and  liiuior,  "  Zcitsnhvift,  fiir  Biologic,"  vii.  pp.  G3-8o  ;  and 
Voit,  "is'euus  licpertoriuni  fiir  rbarmacie,"  xx.  pp.  3-lU-oi9. 
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Interference  with  the  supply  of  blood  to  a  part  and  con- 
sequent fatty  degeneration  from  imperfect  oxidation  may 
result  from  narrowing  of  the  nutrient  blood  vessels.  This 
is  seen  in  the  heart  as  the  result  of  atheromatous  changes 
in  the  coronary  arteries,  and  in  organs  in  which  the  lumen 
of  the  vessels  is  diminished  by  lardaceous  changes.  The 
interference  with  the  supply  of  blood  caused  by  inflamma- 
tion and  mechanical  congestion  in  the  same  way  leads  to  _ 
fatty  degeneration.      Organs  and  tissues  which  have 
been  long  disused,  and  in  which  consequently  the  quantity 
of  blood  circulating  through  them  and  tbe  oxidation 
processes  become  diminished,  undergo  fatty  changes  (see 
"  Fatty  Infiltration  of  Muscle") ;  as  do  also  the  cancers 
and  other  rapidly-growing  tumours  in  which  the  rapidity 
of  gro\vth  is  out  of  proportion  to  the  vascular  supply. 

An  alteration  in  the  blood  as  a  whole,  and  a  consequent 
general  tendency  to  fatty  changes,  isseenin  chlorosis  and  in 
those  conditions  of  anaamia  which  are  sometimes  produced 
by  chronic  and  acute  diseases  ;  also  in  the  fatty  degenera- 
tion which  results  from  the  destruction  of  the  red  blood 
cells  by  phosphorus.  The  long  continued  abuse  of 
alcohol,  and  the  influence  of  a  high  temperature,  by 
diminishing  the  absorption  of  oxygen  by  the  tissues  tend 
to  produce  fatty  changes.  The  senile  forms  of  fatty 
degeneration,  which  affect  especially  the  cornea  and  car- 
tilage, are  due  to  that  diminution  in  the  activity  of  the  cir- 
culation which  exists  in  old  age.  Lastly,  the  imperfect 
oxygenation  of  theblood  which  results  from  chronic  diseases 
of  the  lungs  constitutes  an  important  element  in  the 
causation  of  the  fatty  degeneration  which  so  frequently 
exists  in  these  diseases. 

In  proceeding  to  consider  tlie  histological  clia,uges  which 
are  produced  in  the  tissues  by  an  accumulation  of  fat,  it 
is  in  the  first  place  to  be  remarked  that  in  those  cases  in 
which  tlie  fat  is  derived  from  the  food,  it  is,  for  tlic  most 
part,  deposited  in  those  situations  in  which  \';it  is  noruuiliy 
met  with  ;  whcireas  when  it  originates  in  the  tissu(!s  it  may 
occur  in  the  cells  of  any  part.     The  changes  produced  in 
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tlie  tissues  must  obviously  vary  in  the  two  cases.  Wliere 
the  fat  is  derived  from  the  metamorphosis  of  the  nitro- 
geuous  constituents  of  cells  the  process  is  accompanied  by 
more  or  less  destruction  of  the  cell,  and  by  a  corresponding 
impairment  of  its  functional  powers— the  tissues  are 
destroyed  in  the  process  ;  whilst  in  the  other  cases  no  such 
destruction  usually  takes  place.  Although  these  two  con- 
ditions may  occasionally  be  associated,  yet,  owing  to  the 
marked  difference  in  the  results  which  they  respectively 
produce,  it  will  be  weh  to  speak  of  them  separately  ;  that 
in  which  the  fat  is  derived  from  the  metamorj^hosis  of  the 
tissues  being  termed  Faity  Motaviorphosis,  that  in  which 
it  is  derived  from  the  oleaginous,  saccharine,  or  nitro- 
genous principles  of  the  iood—Fafty  Infiltralion. 

FATTY  INFILTKATIOX. 

In  Fatty  Infiltration,  the  fat  which  is  deposited  within 
the  cells  usually  occurs  as  distinct  drops  of  oil.  In  the 
earliest  stages  of  the  process  these  are  very  small,  but 
as  the  deposition  proceeds  they  gradually  accumulate 
and  run  together,  displacing  and  obscuring  the  nucleus 
and  protoplasm,  until  the  cell  is  completely  filled  and 
distended  with  oil.  (Fig.  6.)  The 
vitality  and  functions  of  the  cells 
are  but  little  impaired  by  the  accu- 
mulation, and  the  protoplasm — 
although  rendered  almost  invisible 
when  this  is  excessive — renuiius  un- 
altered. The  cells  within  which 
the  fat  accumulates  not  being  de- 
stroyed, the  removal  of  the  lat  is 
all  that  is  necessary  to  restore  them 
to  their  original  condition.  As 
,  nli-eady  stated,   fatty  infiltration 

X  ;!()()  (L'ind'ileiscli).        occurs  as  a  jMiysiologieal  process  in 
the  growth  of  adipose  tissue,  and 
also  in  the  liver  during  the  digestion  of  an  aliment  rich 
in  fatty  substances. 


Fig.  G. 
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FATTY  ISFILTEATION  OF  MUSCLE. 

In  mi^scle,  fatty  infiltration  is  frequently  met  with  as  a 
morbid  process.  The  cehs  in  the  connective  tissue  which 
surrounds  the  fasciculi  of  the  muscle  become  filled  with 
fat ;  and  this  development  of  fat  between  the  primitive 
muscular  fasciculi  has  often  been  confounded  with  dege- 
neration of  the  fibres  themselves.  In  this  latter  process, 
however,  which  will  subsequently  be  described  as  fatty 
metaviiorplLOsis  of  muscle,  there  is  a  direct  metamorphosis 

I  of  the  muscular  fibres  into  fat ;  whereas  in  the  condition 
now  under  consideration,  there  is  a  deposition  of  fat 
between  the  fasciculi,  which  remain— during  the  early 

:  stages,  at  all  events— unaffected.  The  interstitial  fat 
varies  in  amount.  In  some  cases  single  rows  of  fat  cells 
alternate  with  rows  of  muscular  fasciculi ;  at  other  times 
the  accumulation  is  less  regular,  more  existing  between 
some  fibres  than  between  others :  in  all  cases,  however, 

,  the  muscular  elements  may  be  discovered  lying  amongst 
the  fat.  (Fig.  7.)  If  the  latter  be  very  considerable 
in  amount,  the  muscle  may  appear  to  the  naked  eye  to 
be  entirely  converted  into  fat ;  but  the  microscope  will 
always  reveal  the  muscular  structure  in  which  it  is 
embedded. 

This  condition  is  frequently  met  with  in  animals  which 
have  been  fattened,  the  fat  increasing  not  only  in  the 
usual  situations,  but  also  accumulating  between  the 
fasciculi  of  tlic  muscles.  In  muscles  also  which  from 
any  cause  have  for  some  time  been  incapacitated,  and  in 
I  which  consequently  the  circulation  oL'  blood  and  the 
oxidation  processes  arc  rcMluccd  to  a  minimum,  this  inter- 
stitial growth  is  extremely  liable  to  occur — ck.  g7-.,  iu  the 
extensors  of  the  wrist-joint  in  cases  of  lead-poisoning, 
and  in  long-standing  paralyses  from  lesions  of  the  brain 
or  cord,  also  in  muscles  whicli  have  been  rendered 
useless  by  anchylosis  of  a  joint.  In  ])rogressive  muscular 
atrophy,  as  Virchow  has  shown,  the  iiff'ected  muscles  ex- 
hiljit  this  change,  togetiier  with  true  fatty  metamorphosis. 
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Falty  Infiltration  of  the  Heart.-— In  tlie  heart  fatly 
infiltration  is  not  unf requontly  met  with ;  and  here  it  i.s 
especially  important  to  distinguish  it  from  the  much 
more  grave  condition  in  which  the  fihres  themselves  are 
primarily  affected.  In  health,  there  is  a  varying  amount 
of  fat  covering  the  surface  of  the  heart  beneath  the  vis- 
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coral  layer  of  the  pericardium,  which  is  always  most 
abundant  in  the  grooves  between  the  auricles  and  ven- 
tricles, where  it  surrounds  the  blood-vessels.  This  mav 
increase  so  as  to  ctnnpletely  envelop  tlie  organ,  and  at 
the  same  time  gradually  insinuate  itself  between  the 
muscular  fibres,  so  that  to  the  naked  eye  all  appearance 


FATTY  DEGENERATION. 


43 


of  muscular  structure  may  be  lost,  the  walls  looking  like 
a  mass  of  fat.  In  hearts  less  affected,  strife  of  fat  will 
be  seeu  lying  amongst  the  muscle.  (See  Fig.  7.)  The 
fat  is  always  most  abundant  near  the  surface,  the  mus- 
cular structure  becoming  more  evident  towards  the  endo- 
cardium. 

The  immediate  effect  of  the  interstitial  growth  is  to 
displace  and  compress  the  muscular  fibres  between  which 
it  insinuates  itself,  and  in  doing  so  it  diminishes  the  con- 
tractile power  of  the  muscle.  This  is  especially  important 
when  occurring  in  the  heart.  The  pressure,  however, 
which  it  exercises  upon  the  fibres  and  the  accompanying 
blood-vessels,  irltimately  causes  atrophic  and  degenerative 
changes.  Thus  the  fascicuH  gradually  atrophy,  the  trans- 
verse striation  becomes  indistinct  and  is  replaced  by  mo- 
lecular fat ;  in  fine,  true  metamorphosis  of  the  muscle  is 
estabhshed.  These  two  processes,  indeed,  not  uncom- 
monly go  hand  in  hand  together,  the  interstitial  infiltra- 
tion preceding  the  intrastitial  metamorphosis. 

FATTY  INFILTRATION  OP  THE  LIVER. 

In  the  liver  fatty  infiltration  is  exceedingly  frequent, 
constituting  what  is  commonly  known  as  the  "fatty 
liver."  The  hepatic  cells  always  contain  a  small  quantity 
of  fat,  which  is  temporarily  increased  after  the  ingestion 
of  fatty  substances.  It  will  be  well  to  describe  this 
physiological  infiltration  before  proceeding  to  the  morbid 
process. 

The  ingestion  of  an  aliment  rich  in  fatty  substances  is 
followed  by  a  temporary  excess  of  fat  in  the  portal  blood, 
and  by  the  deposition  and  temporary  accumulation  of  a 
•portion  of  this  within  the  hepatic  cells.  This  fat  is  first 
deposited  in  the  cells  which  arc  in  immediate  contact  with 
the  capillaries  of  the  portal  vein,  and  thus  is  produced 
an  excess  oE  fat  in  the  cells  at  the  circumference  of  the 
hepatic  lobules.  This  gradually  passes  from  the  cells  at 
the  circumference  to  those  in  the  interior,  whence  it  is 
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ultimately  conveyed  again  into  the  circulation.  Thi.s 
proce,s.s  goes  on  until  the  excess  of  fat  is  removed  from 
the  blood,  when  the  hepatic  cells  again  acquire  their 
former  character.  There  is  thus  a  transitory  accumula- 
tion of  fat  within  the  hepatic  cells  which  is  gradually 
removed,  the  vitality  of  the  cells  not  being  thereby 
impaired. 

The  morbidly  fatty  liver  is  one  which  contains  an  ab- 
normal quantity  of  fat,  and  here  also,  as  the  fat  is  usually 
deposited  from  the  blood  in  the  portal  capillaries,  the 
increase  is  first  observable  in  the  external  zone  of  the 
hepatic  lobules.    (Fig.  8.)    It  accumulates  here  within 
the  cells  as  minute  globules,  which  as  they  increase 
coalesce  and  form  large  drops  of  fat.    These  ultimately 
completely  fill  and  distend  the  cells,  which  at  the  same 
time  become  larger  and  more  globular  in  shape.  (See 
Fig.  6.)     As  the  process  proceeds,  the  accumulation 
advances  from  the  periphery  towards  the  centre  of  the 
lobule,  until  its  whole  mass  may  be  involved,  and  the 
cells  universally  become  distended  with  fat.    The  vitality 
of  the  cells  is  not  materially  impaired  by  the  infiltration  ■ 
they  continue  to  perform  their  functions,  as  is  shown  bv 
the  presence  of  bile  in  the  stools  and  in  the  gall-bladder. 
In  some  exceptional  cases  the  accumulation  of  fat  is  mo<^t 
marked  around  the  hepatic  vein.     This,  accordiuo-  to 
Virchow,  is  probably  to  be  explained  by  supposiuo- "that 
the  fat  IS  becoming  excreted,  and  that  only  the  las't  cells 
retain  a  little  of  it. 

The  fatty  liver  is  somewhat  increased  in  size,  in  ad- 
vanced stages  often  considerably  so.  The  surface'  is 
smooth,  the  edges  are  thickened  and  rounded,  the  specific 
gravity  is  diminished,  although  the  absolute  weio-ht  mav 
be  mcreased.  If  the  infiltration  be  slight,  iuvolvincr  merelv 
the  portal  zone  of  the  lobules,  the  cut  surface  wilf  ,n-eseut 
a  mottled  appearance,  the  external  tatty  zone  bein<T  of  an 
opaque  yellowish-white  colour,  whilst  the  central  portion 
remains  unaltered,  or  is  perliaps  somewhat  hype^Bniic 
ilie  more  extensive  the  infiltration  the  larger  is  the  pale 
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zone,  and  ultimately,  when  tlie  whole  lobule  is  involved, 
there  may  be  left  in  the  centre  merely  a  reddish-brown 
point,  which  corresponds  with  the  commencement  of  the 
hepatic  vein  ;  and  in  many  cases  even  this  point  is  lost. 
The  organ  is  then  of  an  almost  uniform  opaque  yellowish- 
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Fntlu  Urcr.  Rlinwing  tho  ancumuLition  of  fat  in  thoso  colls 
more  (jspi^cially  wfiich  aro  sitiiii,t(;d  iu  tho  exUiraal  zone  of  Uio 
lobiiI(;.  'riH.'i-o  is  also  an  increase  in  tho  intcn-lolinlar  cnnnectivo 
tissue  (Cirrhosis).  V.  Hepatic  vein.  1.  Interlobular  connoctivo 
tissue.  X 


white  colour,  and  the  boundary  between  the  individual 
lobules  may  be  completely  ol«curcd.  In  exceptional 
cases  the  accumulation  of  fat  is  much  more  abundant  in 
some  portions  of  the  liver  than  in  others,  so  that  on 
sectioTi,  yellowish  [xiints  and  streaks  are  seen  scattered 
over  its  surface.    The  consistence  of  the  organ  is  much 
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diminished,  it  feels  dongliy,  and  pits  on  pressure  with 
the  finger,  and  the  knife  used  to  cut  it  becomes  coated 
with  oil.  The  pressure  exercised  by  the  infiltrated  fat 
produces  considerable  anosmia  of  the  organ,  but  the 
interference  with  the  circulation  is  never  sufficient  to 
cause  ascites,  hasmorrhage,  or  other  evidences  of  portal 
congestion. 

The  liver  is  especially  liable  to  become  the  seat  of  fatty 
accumulation.  This,  as  shown  by  the  late  Dr.  Bence 
Jones,  is  owing — firstly,  to  the  excess  of  non-nitrogenous 
oxidisible  matter  in  the  portal  blood;  secondly  to  the 
deoxidised  condition  of  the  portal  blood;  and  thirdly, 
to  the  low  pressure  and  slowness  of  circulation  in 
the  portal  vessels — conditions  the  least  favourable  to 
oxidation.* 

An  accumulation  of  fat  in  the  liver  occurs  under  two 
oiDposite  conditions — one  in  which  there  is  general  obesity, 
and  the  fat  accumulates  in  the  liver  in  common  with  other 
parts  ;  and  another,  in  which  there  is  general  emacia- 
tion, and  a  consequent  impairment  of  the  oxygenating 
power  of  the  blood.  The  fatty  infiltration  of  the  liver 
which  is  so  constantly  associated  with  certain  chronic 
diseases  of  the  lungs,  is  also  partly  due  to  imperfect 
oxygenation  of  the  blood  from  destruction  of  lung-tissue. 
Fatty  liver  caused  by  phosphorus  and  other  poisons  has 
been  already  alluded  to. 

The  other  variety  of  fatty  degeneration — fatty  meta- 
morphosis— will  be  described  in  the  following  chapter. 


*  "Lectures  ou  Piitliolotcy  aud  Therapeutics."  Dr.  Bence  Joue.s. 
IJ.  179. 
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FATTY  DEGENEKATION  (continued). 

FATTY  METAMORPHOSIS. 

This  differs  from  fatty  infiltration,  inasmucli  as  tlie  fat  is 
derived  from  the  albuminous  constituents  of  the  tissues 
themselves,  and  not  from  the  fatty,  saccharine,  or  nitro- 
genous principles  of  the  food. 

The  process  consists  in  the  gradual  replacement  of  the 
protoplasm  of  cells  by  molecular  fat,  in  the  manner  de- 
scribed in  the  preceding  chapter.  The  fat  makes  its 
appearance  as  minute  granules  and  molecules,  usually 
first  in  the  protoplasm,  and  subseqiiently  in  the  ni^cleus. 
The  granules — which  are  characterised  by  their  dark 
colour,  sharp  contour,  strong  refractive  power,  and  solu- 
bility ia  ether — gradually  increase  in  number,  and 
ultimately  the  whole  of  the  protoj^lasm  may  be  trans- 
formed. As  they  increase  some  of  them  may  coalesce, 
and  so  form  distinct  drops  of  fat.  As  the  process  pro- 
ceeds the  cells  undergo  an  increase  in  size  and  become 
more  globular  in  shape,  the  nucleus  becomes  involved, 
the  cell-wall,  when  this  exists,  is  destroyed,  and  the  cell 
may  thus  be  converted  into  a  mass  of  granular  fat. 
(Fig.  9.) 

Tliese  granules  of  fat  sometimes  remain  for  some  time 
m  a  coherent  form,  and  they  then  constitute  what  were 
formerly  known  as  the  "inflammatory"  or  "exudation 
corpuscles,''  or  "corpuscles  of  Glugo,"  which  arc  so 
cotntn.on  in  chronic  cerebral  softening,  and  in  some  other 
forms  of  fatty  degeneration.  (Fig.  9,  h.)    Ultimately  the 
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albuminous  matter  between  the  granules  of  fat  liquefies,  the 
corpuscles  break  up,  and  the  fat  becomes  distributed  in  the 
tissue  (Fig.  9,  h).  These  granular  corpuscles  will  be  more 
fully  considered  when  si^eaking  of  cerebral  softening. 

Fig.  9. 

6 


Fntti/  Metamorphosis  of  Cells,  a.  From  a 
caucer.  b.  From  the  braiu  iu  cbrouic  softeu- 
iug.  The  latter  show  the  large  "  granular 
corpuscles,"  and  also  the  mauuer  in  which 
these  become  disintegrated,    x  200. 

Types  of  this  pathological  process  are  furnished  by 
many  well-known  physiological  ones,  one  of  the  most 
characteristic  of  which  is  i^erhaps  the  secretion  of  milk. 
The  secretion  of  milk  takes  place  in  the  followiuo-  manner- 
—The  mammary  gland  becomes  exceedingly  vascular, 
white  blood-corpuscles  escape  from  the  vessels,  the  epi- 
thelium multiplies,  and  a  large  number  of  young  cells 
ttns  make  their  appearance  in  the  ducts  of  the  gland. 
These  cells  as  they  are  produced  become  converted  into 
fat,  the  cells  break  up,  and  the  fatty  matters  iu  a  more 
or  less  coherent  form  constitute  the  milk-corpuscles.  In 
the  earliest  stages ^of  the  process  the  granules  of  fat 
cohere  and  form  the  colostrum -corpuscles,  which  are  pre- 
cisely analogous  to  the  large  granular  corpuscles  met 
with  in  chronic  cerebral  softening,  &c.  (Fig.  9.  />) ;  but  as 
tlie  secretion  becomes  fully  established,  and  tlie  disinte- 
gration of  the  cells  takes  place  more  rapidly,  the  fatty 
molecules  become  at  once  distributed  iu  the  liquid  in 
which  they  are  suspeuded.  giving  to  the  secretion  its 
characteristic  white  colour.    The  milk-corpuscles  thus 
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formed  are  replaced  continuously  by  new  cells,  whicli  in 
their  turn  undergo fattyraetainorplLOsis,audin  this  manner 
a  continuous  formation  and  destruction  of  cells  take 
place.  Other  examples  of  fatty  metamorphosis  are  afforded 
by  the  formation  of  the  sebaceous  matter  of  the  skin,  tlie 
cerumen  of  the  ears,  and  the  corpus  luteum  in  the  ovary  ; 
all  of  which  take  place  in  the  same  way  by  the  fatty 
metamorphosis  and  destruction  of  newly  formed  cells. 

The  immediate  effect  of  fatty  metamorphosis  is  to  pro- 
duce more  or  less  softening  of  the  affected  part,  and 
necessarily  to  impair  or  annihilate  function.  If  lai'ge 
tracts  of  tissue  are  affected,  the  change  is  readily  recog- 
nisable by  the  diminution  in  consistence  and  elasticity 
which  are  produced,  and  in  many  cases  also  by  the 
opaque  yellowish-white  colour.  If,  However,  the  change 
is  limited  to  minute  portions  of  tbe  tissue,  its  existence 
can  only  be  discovered  with,  tbe  aid  of  the  microscope. 

The  fatty  particles  into  which  the  cells  have  been 
transformed  are,  under  favourable  circumstances,  readily 
absorbed.  Tbe  fat  may  thus  be  removed  and  the  degene- 
rative process  cease  before  the  part  has  been  dangerously 
involved.  Such  recovery  probably  often  occurs,  for  ex- 
ample, in  the  kidneya»and  heart.  When  the  elements 
are  completely  degenerated  the  fatty  debris  is  also 
usually  removed  by  absorption.  This  is  seen  in  tbe  fatty 
degeneration  and  absorption  of  inflammatory  products, 
such  as  occurs  in  croupous  pneumonia.  In  order  for 
such  absorption  to  take  place  it  is  necessary  that  the 
tissue  should  be  freely  supplied  with  blood-vessels.  If 
this  is  not  the  case,  the  degenerated  products  are  liable 
to  Tindergo  certain  changes  whereby  they  become  con- 
verted into  a  pultaceous  crumbling  material  somewhat 
resembling  cheese  :— this  is  known  as  rasoailon. 

Caskatfon. — This  is  a  modification  of  the  degenerative 
process  in  which  the  fatty  products  gradn;illy  dry  up  into 
a  yellowish  friable  material,  which  has  been  compared  to 
soft  cheese.  This  change  a])i)cars  to  be  owing  to  n. 
natural  dryness  ol  the  degenerated  tissue,  resulting  from 
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deficient  vascular  supply.  It  is  most  frequent  in  parts 
which  contain  but  few  vessels,  or  in  those  in  which  these 
become  obliterated  by  inflammatory  products  or  by  some 
new  growth.  Growths  composed  of  closely-crowded  cells— 
as  epithehal  accumulations  within  the  pulmonary  alveoli, 
growths  in  the  lymphatic  glands,  in  the  brain,  and  in 
osseous  structures,  are  the  most  liable  to  become  caseous. 

The  process  consists  in  a  gradual  dryino-  up  of  the 
degenerated  elements ;  the  fluids  are  absorbed,  the  cells 
—which  are  many  of  them  incompletely  degenerated— 
shrivel  and  atrophy,  the  fat  undergoes  partial  saponifica- 
tion, cholesterine  forms,  and  the  tissue  thus  becomes 
converted  into  a  soft,  yellowish-white,  cheesy  substance, 
composed  of  atrophied  cells,  fatty  deln-is,  and  cholesterine 
crystals.  This  material  may  gradually  dry  up  more  and 
more,  and  ultimately  become  encapsuled  by  a  layer  of 
fibrous  tissue. 

These  cheesy  matters  are  constantly  met  with,  espe- 
cially in  the  lungs,  and  considerable  confusion  has  arisen 
as  to  their  nature  and  origin  in  this  situation.  This  has 
proceeded  from  its  having  been  formerly  the  custom  to 
look  upon  all  cheesy  masses  as  essentially  tubercular. 
Tubercle,  it  is  true,  often  undergoes,  to  a  greater  or  less 
extent,  fatty  degeneration,  and  it  may  thus,  like  all 
other  growths  which  have  undergone  this  process,  be- 
come converted  into  a  yellow  cheesy  substance ;  but  it 
IS  by  no  means  true  that  all  cheesy  masses  are  tuber- 
cular. Tlie  pathological  significance  of  caseation  is 
thus  less  limited  than  was  formerly  supjiosod,  and 
although  this  change  is  undoubtedly  most  common  in 
tuberculous  and  scrofulous  lesions,  its  occurrence  merely 
indicates  that  the  elements  have  undergone  fattv  meta- 
morphosis, and  under  no  circumetanccs  is  it  in  itself 
evidence  of  any  one  particular  form  of  morbid  growth . 
(See  "  Scrofulous  Inflammation.") 

The  caseous  mass  may  subsequently  become  calcified, 
or  undergo  a  process  of  softening  and  liquefaction. 

Calcification. — This  is  an  adviuaced  stage  of  the  pre- 
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ceding  process.  It  most  freqi^ently  occurs  in  those  cases 
in  which  the  caseous  mass  is  comph^tely  en  closed  and 
isolated  from  the  external  air,  as  when  in  the  lymphatic 
glands,  in  bone,  or  when  encapsuled  in  the  lungs.  The 
mass  becomes  infiltrated  with  calcareous  particles,  and  is 
thus  converted  into  a  calcareous  concretion.  (See  "  Cal- 
careous Degeneration."') 

SoFTEXixG. — This  process  consists  in  a  lic^uefaction  of 
the  caseous  substance,  which  is  probably  owing  to  some 
chemical  change  in  its  constituents.  It  most  commonly 
occurs  in  parts  which  come  into  contact  with  the  external 
air,  especially  in  those  situated  in  the  lungs.  The 
caseous  mass  lic|uefies,  and  is  converted  into  a  thin  puri- 
form  liquid,  containing  curd-like  cheesy  matter,  which  to 
the  naked  eye  looks  much  like  pus,  but  under  the  micro- 
scope is  seen  to  consist  simply  of  granular  debris,  fat, 
and  cholestei'ine  crystals.  This,  if  not  discharged,  may, 
like  the  caseous  masses,  unltimately  dry  up  and  become 
calcified. 

FATTY  DEGENEKATION  01?  AKTERIES. 

Fatty  degeneration  of  arteries  may  be  a  primary  or 
secondary  affection.  As  a  secondary  process  it  is  met 
with  in  athei'oma  and  other  inflammatory  conditions  of 
the  vessels,  in  which  the  fatty  change  is  preceded  by 
a  cellular  infiltration  of  the  sid>endothclial  connective 
tissue.    (See  "  Atheroma.") 

Primaiy  fatty  degeneration  is  a  passive  process,  not 
being  preceded  by  any  increased  nutritive;  activity  of  the 
parts  affected  by  it.  It  may  affect  both  the  internal, 
middle,  and  external  coats  of  the  artery,  but  it  is  most 
common  in  the  first-named  situation.  The  change  usually 
commences  in  the  endotheliiini  and  the  connective  tissue 
cells  in  the  most  internal  layers  of  the  inner  coat,  small 
groups  of  cells  becoming  affc(;ted  in  various  ^larts  of  tho 
vessel;  and  it  may  gradually  extend  from  within  out- 
wards, the  intercellular  substance  softening,  until,  in 
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exceptional  cases,  the  whole  thickness  of  the  intima  is 
destroyed.    (Fig.  10.) 

Fig.  10. 


Fattij  Degeneration  of  the  Internal  Coat  of  the 
Aorta.  Saiall  yellowish-white  patches  scat- 
tered over  the  liuing  memhrane  of  the  vessel. 
A  very  thin  laj-er  peeled  off  and  x  200,  showing 
the  groups  of  fat  molecules,  and  the  distribution 
of  fat  in  the  intima. 

In  the  earlier  stages  of  the  process  the  condition  is 
recognised  by  the  existence  of  small,  irregular-shaped 
patches  of  an  opaque  yellowish-white  colour,  projecting 
very  slightly  above  the  surface  of  the  intima.  These, 
which  are  so  constantly  met  with  on  the  lining  membrane 
of  the  aorta,  may  at  first  be  mistaken  for  atheroma. 
They  are  in  most  cases,  however,  readily  distinguishable 
by  their  superficiality,  and  by  the  facility  with  which 
they  can  be  stripped  off  from  the  subjacent  layers,  which 
present  a  natural  appearance.  In  atheroma,  ou  the  other 
hand — which  affects  the  deeper  structures — if  the  super- 
ficial layer  be  removed,  the  opacity  and  thickening  are 
seen  to  exist  beneath  it.  In  mauy  cases  the  change  is 
limited  entirely  to  the  innermost  layers  of  the  vessel ;  the 
more  the  subjacent  tissues  are  involved,  the  greater  is  the 
irregularity  in  the  shape  of  the  patches,  and  the  less  readily 
t-,an  they  be  separated  with  the  forceps.  The  opaque 
patches  occasionally  break  down,  the  cells  are  destroyed, 
the  intercellular  substance  softens,  and  the  granular  debris 
is  carried  aw.ay  by  the  circnlation,  leaving  small,  irregular, 
superficial  erosions  upon  the  liuing  membrane  of  the 
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vessel.    These  erosions  are  not  nlcers  in  the  true  sense  of 
'  that  term,  not  being  the  result  of  an  active  process.  They 
:  resemble  the  superficial  erosions  so  common  upon  the 
I  mucous  membrane  of  the  stomach,  as  described  by  Dr. 
'  Wilson  Fox. 

Simple  fatty  degeneration  may  occur  in  any  of  the 
:  arteries,  but  it  is  in  the  smaller  ones  that  its  injurious 
:  influence  is  most  marked,  and  in  these  it  is  more  especially 
:  liable  to  affect  the  external  coat.  (Fig.  11.)    Here,  by 

Fig.  11. 

a. 


Fatty  Dc-fianeraiion  of  small  Vessels  of  Pia 
Maler,  From  a  case  of  chronic  Bright's 
Disease,  a.  A  small  artery,  the  coats  of  which 
are  somewhat  thickened  0.  A  capillary,  in 
which  arc  seen  a  few  red  blood-corpuscles 
X  400  ^ 

diminishing  the  elasticity  and  contractility  of  the  vessels, 
it  causes  degenerative  changes  in  the  parts  which  they 
supply,  and  often  leads  to  rupture.  This  is  exemplified 
by  many  cases  of  chronic  cerebral  softening  and  cerebral 
ha3morrhage,  although  here  atheromatous  arc  often  asso- 
ciated with  the  fatty  changes.  In  the  larger  arteries,  as 
the  aorta— where  it  is  exceedingly  common— it  is  of  less 
importance,  the  inllamraatory  process,  atheroma,  having 
here  a  far  more  deleterious  cd'oct. 

FaUu  ni^gencmtinn  of  CupiUarles.—l'he  capillario.s  may 
also  be  the  seat  of  fatty  changes.    Here  they  arc  most 
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common  in  the  nervous  , centres,  and  in  the  kicluej^s  in 
Bright's  disease.  (See  Fig.  11,  I.)  The  process  commences 
in  the  endothelial  cells,  and  may  involve  considerable  areas 
of  the  capillary  wall,  so  that  rupture  is  often  the  ultimate 
result.  This  is  cummon  in  the  smallest  cerebral  blood- 
vessels, where  it  is  sometimes  a  cause  of  cerebral  (capillary) 
haBmorrhage. 

Primary  fatty  degeneration  of  blood-vessels  is  in  most 
cases  a  senile  change  ;  it  is  an  expressson  of  that  general 
impairment  of  vitality  which  exists  in  advanced  Hfe,  and 
is  usually  associated  with  similar  changes  in  other  parts. 
When,  however,  it  is  limited  to  the  lining  membrane  of 
the  largest  arteries  it  is  often  met  with  in  early  life  and 
in  persons  who  are  otherwise  ]3erfectly  healthy.  Fatty 
degeneration  secondary  to  inflammatory  conditions  will  be 
considered  subsequently.  (See  "  Inflammation  of  Blood- 
vessels.") 

FATTY  BEGENERATIOX  OF  MUSCLE. 

Both  striated  and  non-striated  muscle  may  be  the  seat 
of  fatty  degeneration.  In  the  latter,  the  muscular  fibre- 
of  the  change  ;  they  become  filled  with 
fat  grannies  and  are  nltimatel}'  de- 
stroyed. This  condition  is  frequently 
met  with  in  the  middle  coat  of  arteries 
which  are  undergoing  fatty  degene- 
ration. 

In  striated  muscle — both  in  the 
voluntarjr  und  in  the  iuvolnntary  of 
the  heart — the  fibres  themselves  are 
the  seat  of  the  morbid  process,  which 
consists  in  the  replacement  of  the  al- 
buminous matter  of  which  the  fibre  is 
com]iosed  by  fiit.  The  earliest  stage 
of  the  aflection  is  characterised  by 
an  indistinctness  in  the  transverse  markings  of  the  fibres, 
which  in  many  parts  become  studded  witli  minute  par- 
ticles of  fat.    (Fig.  12.)    These  graduall}'  increase  in 


cells  are  the  seat 


Fig.  12. 


Fattji  /)cf/(  )icratioii 
of  Mi(scii/(ir  /■'ibri'S 
of  Ilea vl.  (I.  KarliiT 
stap;o.  b.  Moiv  iid- 
vaucc'd.    X  4(IU. 
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number  and  size,  and  ai"e  usually  distributed  somewhat 
irregularly  within  the  sarcolemma.  In  some  parts 
single  rows  of  granules  are  found  running  along  the  length 
of  the  fibre;  in  others,  they  are  grouped  around  the 
nuclei  or  arranged  in  transverse  lines  corresponding 
with  the  stria3  of  the  muscle.  The  fibres  become 
extremely  friable,  and  are  readily  broken  up  into  short 
fragments.  As  the  process  proceeds  the  transverse 
markings  entirely  disappear,  and  nothing  but  molecular 
fat  and  oil  globules  are  seen  within  the  sarcolemma. 
The  sarcolemma  itself  may  ultimately  be  destroyed,  and 
nothing  remain  of  the  original  fibre  but  the  fatty  debris 
into  which  its  albuminous  constituents  have  been  con- 
verted. This  is  true  fatty  degeneration  of  muscle  ;  in  it 
the  muscular  elements  are  destroyed,  and  it  thus  differs 
essentially  from  fatty  infiltration,  in  which  there  is 
simply  a  development  of  fat  between  the  fasciculi,  the 
fasciculi  themselves  not  being  primarily  affected.  (See 
"  Fatty  Infiltration  of  Muscle.") 


PATTY  DEGENERATION   OF  THE  HEART. 

It  is  m  the  heart  that  fatty  degeneration  of  muscle  is 
most  frequently  met  with,  and  here  it  assumes  a  most 
important  aspect  from  the  deleterious  influence  which  it 
exercises  upon  the  motor  power  of  the  organ.  The  mus- 
cular substance  may  be  affected  throughout,  or  the  dege- 
neration may  be  confined  to  certain  portions  of  it.  The 
wider  the  extent  of  tissue  that  is  affected,  the  less 
advanced,  as  a  rule,  is  the  degree  of  the  degeneration.  It 
is  in  those  cases  in  which  snuill  tracts  of  tissue  only  are 
involved  that  the  ])rocess  is  met  with  in  its  most  advanced 
stage. 

When  the  change  is  slight  and  more  or  loss  general, 
the  muscle  is  somewhat  softer  and  more  flabby  than 
naturiil ;  it  is  more  IVialjhj,  and  cFten  breaks  with  a  soft 
granular  fracture;  and  its  colour  is  rather  paler  and 
more  opaque  than  that  of  healtliy  cardiac  tissue.  Under 
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the  microscope  tlie  muscular  fibres  are  seen  to  have  lost 
to  some  extent  their  striated  a^Dpearance,  and  to  contain 
granules  of  fat.    (Fig.  12,  a.) 

This  diffuse  form  of  degeneration  may  occur  in  the 
course  of  those  diseases  in  which  the  oxidation  processes 
are  reduced  to  a  minimum  ;  in  all  those  diseases,  in  short, 
which  are  attended  by  marked  ana3mia,  whether  this 

Fig.  13. 


Acntf  Fdf/i/  Dffiencrothm  of  Heart  and  of  otlu  r  ]\riiiiclcs.  a.  Heart. 
0.  Rectus  abdominis.  Tlio  Avliole  of  the  hcart-tissuo  was  affected 
aud  also  the  muscles  in  other  parts  of  the  body,     x  400. 

anasmia  be  gradually  or  rapidly  induced.  In  the  case 
from  which  the  accomiDanying  drawing  was  taken  the 
degeneration  was  acute.  (Fig.  13.)  This  was  the  case  of 
a  weakly  young  girl  who  was  under  my  care  suffering 
I'rom  slight  vafvular  disease.  She  quickl}"-  succumbed 
with  acute  fatty  degeneration  of  the  heart  and  other 
muscles,  which  was  induced  by  a  j^rofuse  loss  of  blood 
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during  a  menstrua]  period,  and  by  inability  to  retain 
food.*  Intei'ferenoe  with  the  circulation  in  the  coronaiy 
arteries  is  also  a  frequent  cause  of  a  more  or  less  general 
degeneration  of  the  muscular  tissue.  This  occurs 
especially  as  a  result  of  aortic  incompetence,  and  explains 
the  early  failure  of  cardiac  power  in  this  form  of  valvular 
disease.  Atheromatous  changes  in  these  arteries,  such 
as  result  from  the  increased  blood-pressure  of  Bright's 
disease,  lead  in  the  same  way  to  fatty  degeneration. 
Lastly,  in  its  slightest  degrees,  a  diffuse  fatty  degeneration 
of  the  heart  sometimes  occurs  in  the  course  of  acute  febrile 
diseases.  This  will  be  again  referred  to  in  the  chapter 
treating  of  the  histological  changes  produced  by  pyrexia. 

Sometimes  the  degeneration,  although  perhaps  more  or 
less  general,  is  much  more  advanced  in  some  parts  than 
in  others.  In  such  cases  the  heart  presents  a  mottled 
appearance ;  opaque  pale  yellowish  or  brownish  patches 
are  seen  irregularly  distributed  throughout  its  substance. 
These  patches,  which  vary  considerably  in  size  and  form, 
are  met  with  especially  in  the  papillary  muscles,  the 
columntc  carneaa,  and  in  the  layers  of  fibres  immediately 
beneath  the  endocardium.  They  may  also  occur  beneath 
the  pericardium,  and  in  the  deeper  portions  of  the  organ. 
They  correspond  with  the  most  degenerated  portions  of 
the  tissue.  They  are  soft  and  flabby,  and  have  a  rotten 
consistence,  tearing  readily  under  the  finger.  Under  the 
microscope,  the  fibres  are  seen  to  be  in  an  advanced  stage 
of  fatty  degeneration,  their  sarcolemma  containing  mole- 
cules of  fat  and  oil  globules,  which  in  many  parts  have 
escaped  and  lie  free  amongst  the  surrounding  less  degene- 
rated tissues.  (Fig.  12,  b.)  These  more  localised  degene- 
rations are  most  common  in  old  people,  and  usually  result 
from  considerable  disease  of  some  branches  of  the  coronary 
blood-vessels,  and  not  from  conditions  of  general  anaimia. 
The  peripheral  layers  of  muscular  tissue  also  frequently 


*  This  Cftsn  is  reported  in  "  Tniiis.  Clinicnl  Society,  Loinloii," 
vol.  viii.  1875. 
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undergo  extensive  fatty  degeneration  as  tlie  result  of 
pericarditis.  The  connection  between  these  locali.sed 
degenerations  and  rui^ture  and  aneurism  of  the  heart 
is  well  known. 

Brown  ATfiornv  of  the  Heart.— Some  what  alhed  to, 
and  occasionally  associated  ^vith,  fatty  degeneration  of  the 
heart,  is  the  condition  known  as  brown  atrophy.  This 
consists  in  a  gradual  atrophy  of  the  muscular  fibres, 
together  with  the  formation  of  granules  of  brownish ' 
yellow  or  blackish  pigment.    These  granules  of  pigment. 

which  are  probably  the  colouringmatter 
of  the  muscle,  are  either  grouped 
in  clusters  around  the  nuclei,  or  more 
generally  distributed  within  the  fibre. 
The  fibres  are  frequently,  at  the  same 
time,  the  seat  of  more  or  less  fatty 
degeneration.  (Fig.  This  change 
usually  occurs  as  a  senile  one,  or  as  a 
part  of  general  marasmus  from  other 
causes.  It  is  also  met  with  in  some 
cases  of  cardiac  hypertrophy.  Its 
recognition  is  in  most  cases  impossible 
without  the  aid  of  the  microscope. 

FATTY  DEGEXEKATIOX  OF  THE  KIDXEVS. 

Fatty  degeneration  of  the  kidneys 
frequently  occurs  as  a  result  of  inflam- 
mation of  the  organs.  This  nccoiidarii  degeneration 
will  be  alluded  to  wlien  treating  of  renal  inflam- 
mations. Primary  fatty  degeneration  is  much  less  fre- 
quent. It  must  be  borne  in  mind  that  the  renal  epithe- 
lium very  commonly  contains  more  or  less  fat ;  but  it  i.'^ 
only  when  this  is  excessive  that  it  can  be  regarded  as 
a  diseased  condition.  Tliis  excessive  formation  of  fat  in 
the  kidney  is,  I  tliink,  less  common  than  is  generally 
supposed.  It  is,  liowever,  occasionally  met  with  in  chronic 
diseases,  csjiecially  in  ])ulnionary  phthisis.  It  is  also 
a  result  of  poisoning  by  phosphorus. 


Fig.  14. 


Broini  Atrophii  of 
the  Hrnrl.  Showiug 
the  arninules  of  pig- 
ment aud  the  atro- 
phy of  the  fibres. 
The  latter  have  in 
some  parts  iinder- 
goue  slight  fattyiue- 
tamorphosi.s.  x  -iOO. 
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la  sirajjle  fatty  degeneration  the  change  is  usually  con- 
fined to  the  epithelium  of  the  cortex.  The  cortex  presents 
on  section  a  somewhat  yellowish-white  surface,  often 
shghtly  mottled,  and  this,  in  most  cases,  is  most  mai'ked 
near  the  bases  of  the  pyramids.  There  is  no  adhesion  of 
the  capsule  or  granulation  of  the  sirrface.  This  change 
appears  to  interfere  but  httle,  if  any,  with  the  functions 
:|  of  the  organs,  and  in  this  respect  it  resembles  the  analo- 
gous change  in  the  liTer.  It  is  not  usually  accompanied 
by  albuminuria. 

CEEEBEAL  SOFTENING. 

This  is  perhaps  the  most  suitable  place  to  speak  of 
cerebral  softening,  inasmuch  as  fatty  degeneration  of  tlie 
brain-tissue  usually  constitutes  a  prominent  feature  in 
tbe  histological  changes.  Softening  of  the  cerebral  sub- 
stance is  essentially  a  necrotic  process,  and  may  result 
from  all  those  conditions  wbich  interfere  with  vascular 
supply.  The  portions  of  the  brain  which  are  the  seat  of 
this  change  may  be  merely  rather  softer  than  the  sur- 
rounding healthy  tissue — breaking  down  more  readily 
under  a  stream  of  water  which  is  allowed  to  fall  upon 
them— or  they  may  be  completely  diflBuent.  They  are 
never  distinctly  circumscribed,  but  pass  by  insensible 
gradations  into  the  neighbouring  tissue. 

Under  the  microscope  the  change  is  seen  to  consist  in 
a  disintegration  of  the  nerve-tissue.  The  white  substance 
of  the  fibres  first  coagulates,  then  breaks  up  into  masses 
of  various  sizes  (myelinc),  and  these  usually  undergo  more 
or  less  fatty  metamorphosis.  The  cells  of  the  neuroglia, 
the  small  blood-vessels,  and,  when  the  grey  matter  is 
implicated,  the  large  nerve-ccUs,  are  also  involved  in  the 
necrotic  change.  The  tissue  is  thus  converted  into  broken- 
down  fibres,  granular  matter,  and  molecular  fat,  and 
amongst  this  arc  numljcrs  of  the  largo  granular  cor- 
puscles already  alluded  to  (Fig.  l.^>).  These  corpuscles, 
as  previously  stat(!d,  although  formerly  looked  upon  as 
the  result  of   inflammation,  appear  to  be  simply  con- 
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glomerations  of  granular  matter  resulting  from  the 
degeneration  of  cellular  elements  (see  Fig.  9),  and  in 
the  bram,  where  they  are  much  the  most  common,  many 
of  the  granules  are  probably  myeline  and  not  fat.  These 
corpuscles  are  exceedingly  characteristic  of  cerebral  soften- 
ing. They  vary  in  size  from  ^  to  -^t^^  inch  in  diameter, 
and  originate,  according  to  Yirchow  and  Eobin,  from  the 
cells  of  the  neuroglia— the  connective  tissue  of  the  brain. 
The  small  arteries  and  capillaries  running  through  the 
softened  part  are  many  of  them  filled  with  granules  and 
granular  cells,  the  latter  probably  originating  in  the 

Fig.  15. 


Chronic  White  Soflemng  of  the  Brnin. — Show- 
ing the  grauular  corpuscles,  broken-down  nerve- 
fibres,  and  fat  granules,  of  which  the  softened 
substance  is  composed.  One  or  two  nucleated 
cells  (probably  nerve-cells)  are  also  \asible. 
X  250. 

white  blood-corpuscles  which  have  accumirlated  in  the  part 
and  undergone  fatty  changes.  As  the  process  proceeds 
the  cerebral  substance  is  completely  destroyed  and  all  trace 
of  nerve-structure  is  ultimately  lost.  * 

The  colour  of  the  softened  portion  varies  considerably. 
It  may  resemble  that  of  the  surrounding  healthy  tissue, 
or  be  of  a  yellowish  or  reddish  tint.     According  to 

*  According  to  Prof.  Cohuheiui  tlie  granular  corpuscles  .are 
white  blood-cells  impr(>gnated  witli  fatty  or  other  particles  derived 
from  the  surrounding  degenerated  tissue. —  Vviiesuinjen  ucber  AU<j. 
PatkoloijiL',  Band  1. 
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these  variations  in  colour,  cerebral  softenings  have  been 
classified  into  ^vUte,  yellow,  and  red.  The  colour  depends 
in  great  measure  upon  the  amount  of  blood  contained 
m  the  part,  and  on  this  account  is  important,  as  in- 
dicating the  manner  in  which  the  softening  has  been 
brought  about. 

Wlt  ite  Softening.^T}ih  is,  in  the  great  majority  of  cases 
a  chronic  process.  It  occurs  especially  in  old  people, 
and  is  usually  due  to  that  disease  of  the  smaller  cerebral 
blood-vessels  and  consequent  interference  Avith  the  circu- 
lation which  is  common  as  a  result  of  age.  The  impair- 
ment of  the  contractile  power  of  the  heart  must  also  con- 
stitute an  auxiliary  in  the  causation  of  the  imperfect 
vascular  supply.  It  is  the  gradual  manner  in  which  the 
supply  of  blood  is  diminished  whicli  accounts  for  the 
absence  of  hyperasmia  or  htemorrhage,  so  that  the  colour 
of  the  softened  portion  either  resembles  that  of  healthy 
bram-tissue,  or  is  an  opaque  dirty  white.  White  soften- 
ing IS  sometimes  acute,  in  which  case  it  is  usually  due  to 
the  sudden  obstruction  of  the  circulation  by  the  impaction 
of  an  embolus  in  one  of  the  larger  arteries.  (See  "  Embo- 
lism of  the  Brain.") 

Ydlow  Softening.— Thia  is,  in  most  cases,  simply  a 
variety  of  the  former  process,  in  which,  from  the  fine 
state  of  division  and  close  aggregation  of  the  granular 
matter,  a  dead  yellowish-white  colour  is  imparted  to  the 
sottenmg  tissue.  This  colour  is  probably  often  partly 
owing  to  the  presence  of  altered  blood  pigments,  the 
reau  t  ot  some  previous  slight  extravasation.  The  pic- 
raen  ^,3,  .sometimes  be  seen  as  fine  dark  granules,  scaV 

Hkl  hff       ^r'T  ^^^'•■'^       fi'-^t  sight  they  look 

he  r'  .:l'n  ;  '''^  '^-ti%--1-'U.owev;r,  by 
rap  dly  ,n  luced,  as  by  embolism  or  tln-ombosis,  may  also 
00  an^onal  y  be  of  a  yellow  colour.  This,  however,  is  only 
the  case  when  the  softened  ,,o,.i,ion  has  attained  a  certain 
age,  and  much  of  the  extravasatcd  blood  has  been  re! 
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moved  by  absorption.  Lastly,  a  condition  of  gelatinous 
oedema  of  a  yellow  colour,  whicli  has  been  described  by 
Rokitansky  as  often  being  present  in  tbe  immediate 
vicinity  of  cerebral  tirmours,  has  been  regarded  as  a 
variety  of  yellow  softejiiug. 

Bed  Softening. — This  is  commonly  a  more  acnte  affec- 
tion, most  frequently  dependent  ui^on  vascular  obstruction, 
either  from  embolism  or  thrombosis.  There  is  collateral 
hyperaamia,  rupture  of  capillaries,  and  extravasation  of 
blood ;  the  softened  tissue  is  consequently  of  a  deep  red 
colour.  These  forms  of  softening  will  be  described  in  the 
chapter  on  "  Embolism."  Ked  softening  is  also  sometimes 
associated  with  the  chronic  white  variety,  some  of  the 
diseased  vessels  giving  way,  and  thus  extravasation  of 
blood  taking  place  into  the  already  softened  tissue- 
Lastly,  red  softeuing  maybe  inflammatory.  (See  '■'In- 
flammation of  the  Brain.") 


CHAPTEE  VI. 


MUCOID  AND  COLLOID  DEGENEKATION. 

Under  this  head  is  inchided  a  class  of  morbid  changes 
which  are  characterised  by  a  peculiar  softening  of  the 
tissues.  Colloid  and  mncoid  degeneration  have  frequently 
been  described  under  the  common  term  of  "  colloid  soften- 
ings," but,  although  they  are  very  closely  allied  and 
sometimes  associated,  they  appear  to  constitute  two 
distinct  processes;  the  former  affecting  more  especially 
the  cells,  the  latter  the  intercellular  substance. 

Mucoid  Degicxeration.— This  consists  in  the  transfor- 
mation of  the  albuminoid  constituents  of  the  tissues  into 
muun,  owing  to  which  they  become  converted  into  a 
material  of  a  soft,  mucilaginous,  jelly-like  consistence. 
iHis  IS  the  condition  of  nearly  all  tissues  in  their  imma- 
ture or  fd'tal  state:  the  connective  tissues  in  the  fcetus 
consist  almost  entirely  of  this  soft  mucin-yieldinP-  sub- 
stance. Some  tissues  retain  these  characters  afterbirth 
ihe  umbihcal  cord,  and  the  vitreous  humour  of  the  eve 
are  both  composed  of  tliis  substance. 

A  mucoid  change  occurs  as  a  physiological  proccsH 
n  the  secretion  of  mucus.  The  newly-l„vu,cd  cells 
nnda.o  niucoid  transfornuition,  which  results  in  their 
destruction  and  the  mucus  is  thus  liberated.  U  is  r.m- 
s.derod  prol,a,Nc  hy  some  that  the  cells  may  aJso  evaciato 
t  o  mucus  without  being  destroyed.  This  process  occur., 
much  more  rapidly  .„  all  catarrlud  conditions  of  the 
mucous  membrane. 


64 


NUTEITION  IMPAIRED, 


As  a  patliologica]  process  mucoid  degeneration  affects 
especially  the  intercellular  substance.  The  intercellular 
substance  of  the  connective  tissues  in  their  fully  de- 
veloped state  consists  of  gelatin  and  chondrin,  and  the 
mucoid  change  is  thus  a  reversion  of  this  substance  to  its 
footal  condition. 

Mucin  is  closely  allied  to  albumen,  more  so  than  to 
either  gelatin  or  chondrin :  it  differs  from  it  in  not  con- 
taining sulphur.  Like  albumen,  it  is  only  met  with  in 
alkaline  fluids — being  held  in  solution  by  the  free  alkali — 
from  which  it  is  precipitated  by  dilute  acetic  acid.  It 
differs  from  albumen  in  being  insoluble  in  an  excess  of 
the  acid,  and  also  in  not  being  precipitated  by  boiling, 
by  tannin,  or  by  bichloride  of  mercury.  Its  behaviour 
with  these  two  reagents  will  also  distinguish  it  from 
gelatin  and  chondrin,  which  are  both  precipitated  by 
them. 

The  mucoid  change  is  by  no  means  a  common  one.  It 
is  most  frequently  met  with  in  cartilage,  especially  in  the 
inter-vertebral  and  costal  cartilages  of  old  people.  It  also 
occiars  in  serous  membranes,  in  bone,  and  in  many  of  the 
new  formations,  especially  in  those  of  the  connective 
tissue  class.  Wherever  it  occurs  it  produces  softening 
of  the  affected  parts ;  which  are  transformed  into  a  homo- 
geneous, colourless  material,  of  a  soft  mucilaginous 
jelly-like  consistence.  If  the  change  is  limited  to  isolated 
portions  of  the  tissue,  the  softened  parts  surrounded  hy 
those  which  are  unaltered,  often  present  the  api^earance 
of  cysts.  These  cyst-like  formations  containing  mucoid 
snbstance  are  not  uncommonly  met  with  in  the  costal 
cartilages  and  in  new  growths. 

As  to  the  cause  of  the  mucoid  change,  nothing  is 
known. 

Colloid  Degknei!ation. — This  differs  from  the  former, 
inasmuch  as  it  is  the  cells  which  are  more  esiieciall}'  in- 
volved in  the  process. 

The  change  consists  in  the  metamorphosis  of  the  albu- 
minoid constituents  of  the  cells  into  a  substance  known 
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Fig.  16. 


as  colloid  materiaL  Colloid  closely  resembles  mucin,  lout 
it  differs  from  it  chemically,  in  coutaining  sulphur,  and  in 
not  being  precipitated  by  acetic  acid.  It  is  a  colourless, 
transparent,  glistening  material  of  the  consistence  of  jelly 
or  half-set  glue.  It  makes  its  appearance  within  the  cells 
as  small  lumps,  which  gradually  increase  in  size,  pushing 
the  nucleus  to  one  side,  until  they  completely  fill  the  cell. 
(Fig.  16.)  The  cells  are  thus  destroyed,  and  converted 
into  colloid  masses.  The  small  colloid  masses  sub- 
sequently swell  up,  coalesce,  and  so 
form  larger  masses  of  firm,  transpa- 
rent, yellowish,  jelly-like  material, 
which  are  readily  to  be  recognised  by 
tthe  naked  eye.  As  the  colloid  matter 
i  increases,  and  the  cells  are  destroyed, 
tthe  intercellular  substance  atrophies 
or  softens,  and  in  this  way  cyst-like 
cavities  are  formed,  within  which  is 
contained  the  gelatinous  substance. 
Here  it  may  subsequently  undergo  a 
process  of  liquefaction.    (See  Fig.  .58). 

The  colloid  change  is  most  common  -  

in  enlargements  of  the  thyroid  gland  raintil|"°s^!| 
(goitre),  in  the  lymphatic  glands,  in  ^'^^  '' 

the  choroid  plexus,  and  in  many  of  the  new  formations. 
(See  "  Colloid  Cancer.")  Its  causes  and  nature  are  as 
obscure  as  those  of  the  allied  mucoid  softening. 

It  is  when  occurring  in  new  formations  that  these  two 
forms  of  degeneration  assume  their  most  important 
aspects.  Certain  varieties  of  tumours  may  originate  as 
mucoid  or  colloid  growths,  or  may  subsequently  undergo 
these  morbid  transformations.  The  mucous  tnmonns 
(my.Yomata),  which  resemble  in  strncturc  tlio  umliiiiral 
cord,  consist  entirely  of  a  gelatinous  mucin-yielding  sub- 
stance. The  sarcomata,  lipomata,  cnchondnmnitir,  and 
the  cancers  may  also  become  the  seats  of  these  forms  of 
softening.  Such  growths  have  somctinuis  been  desci-ii)od 
::as  gelatiniform  or  colloid  caHcom,  this  term  having  been 


Colfoid  Cells,  from 
cancer. 
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applied  to  tliem  witliout  any  regard  to  tlieir  structure  or 
real  nature.  Cancers,  it  is  true,  may  imdergo  a  colloid 
change  (see  "Colloid  Cancer");  but  it  is  by  no  means 
true  that  all  tumours  possessing  these  soft  gelatiniform 
characters  are  cancers.  The  terms  "  mucoid"  or  "  colloid" 
appHed  to  a  new  growth  merely  imply  certain  physical 
and  chemical  characters,  and  convey  but  little  informa- 
tion as  to  its  I'eal  nature. 

MUSCULAR  CHANGES  IN  TYPIIOID  FEVER. 

Allusion  must  be  made  here  to  a  change  met  with  in 
the  muscles  in  typhoid  fever,  aud  occurring  under  certain 
other  conditions,  which  was  first  described  by  Zeuker, 
and  which  has  been  supposed  to  be  somewhat  allied  to 
colloid  degeneration.  This  change,  when  occurring  in 
typhoid,  is  most  marked  in  the  recti  muscles  of  the 

Fig.  17. 


abdomen,  the  adductors  of  the  thigh,  and  in  the  diaphragm. 
The  portions  of  muscle  aireetcd  a,re  i^alor  than  natural,  of 
a  reddish-grey  or  brownish-yellow  colour,  and  abmu-iually 
friable.     Under  the  microscope,  the  altered  fibres  are 
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much  swollen,  the  trausverse  striation  is  lost,  and  the 
sareolemnia  is  occupied  by  a  homogeueous,  structureless 
material.  This  material  is  exceedingly  brittle,  and,  as 
usually  seen,  presents  a  wrinkled  appearance,  or  is  broken 
up  transversely  into  several  irregular  fragments.  (Fig,  17.) 
The  fibres  are  never  nniversally  affected,  but  many  normal 
are  associated  with  altered  elements.  This  change 
necessarily  impairs  the  contractile  power  of  the  rauscfe, 
and  it  often  leads  to  rupture  of  some  of  the  fasciculi 
and  hoBmorrhage.  The  new  material  appears  to  be 
readily  absorbed,  and  the  lost  fibres  to  be  quickly  re- 
generated. 

With  regard  to  the  nature  of  the  change,  but  little  is 
known.  Although  most  frequent  in  typhoid,  it  occurs 
occasionally  in  other  severe  febrile  diseases.  It  is  also 
described  by  Cornil  and  Eanvier  as  sometimes  occurring 
in  muscles  in  the  neighbourhood  of  abscesses,  of  inflamed 
bone,  and  of  tumours.  Muscles  which  have  been  bruised 
or  otherwise  injured,  whether  before  or  after  systemic 
death,  occasionally  exhibit  a  similar  change ;  and  Prof. 
Cohnheim  considers  that  it  is  probably"  merely  some 
disturbed  form  of  post-mortem  coagulation  of  the 
muscle.  Whether  this  be  so,  or  whether  the  change  is 
due  to  some  abnormal  chemical  process  taking  place  in 
the  muscle  during  life,  must  in  the  present  stale  ol  our 
knowledge  remain  uncertain. 


CHAPTER  VII. 


LAEDACEOUS  DEGENEEATION. 

LARDACEOUs  degeneration,  whicli  is  one  of  tlie  most  im- 
portaut  of  the  degenerative  processes,  is  an  alteration  in 
tlie  tissues  characterised  by  the  appearance  in  them  of  a 
peculiar  homogeneous  translucent  substance  closely  allied 
to  albumen,  by  which  their  vitality  becomes  diminished 
and  their  functions  impaired.  It  is  often  known  as  the 
amyloid  change,  this  name  having  been  applied  to  it  by 
Virchow,  from  the  supposed  resemblance  of  the  new 
material  to  cellulose  or  starch.  The  term  lardaceous 
originated  in  the  fact  that  the  affected  organs  have  some- 
what the  appearance  of  lard  or  wax,  and  as  being  that  by 
which  it  is  perhaps  most  generally  known,  it  is  here 
adopted. 

This  form  of  degeneration  is  very  rarely  a  primary 
affection,  but  almost  invariably  occurs  as  the  sequel  of 
some  other  disease.  There  are  two  conditions  which 
appear  to  be  especially  concerned  in  its  causation- 
suppuration  and  syphilis.  It  is  in  those  diseases  which 
are  attended  by  profuse  and  long-continued  suppuration, 
such  as  chronic  diseases  of  bone,  empyema,  chronic  dis- 
integrative diseases  of  the  lungs,  chronic  pyelitis,  and 
chronic  intestinal  ulceration,  that  the  lardaceous  change 
is  most  frequently  met  with.  It  also  occurs  in  the  ad- 
vanced stngcs  of  syphilis,  but  especially  in  those  cases  in 
which  thei°e  is  chronic  bone  disease  or  chronic  ulceration. 
In  rpiite  exceptional  cases  it  is  met  with  in  the  absence  of 
either  of  these  conditions. 
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JSTearly  every  organ  and  tissue  may  be  the  seat  of  tlie 
change ;  those,  however,  in  which  it  is  especially  prone  to 
occur  are  the  liver,  the  spleen,  the  hjniphatlc  glands,  the 
kidneys,  and  the  intestines.  It  is  met  with  less  frequently 
m  the  stomach,  in  the  supra-renal  capsules,  in  the 
pharynx,  the  03sophagus,  in  the  bladder,  prostate,  and 
generative  organs,  in  serous  membranes,  in  the  mem- 
branes of  the  brain  and  cord,  and  in  muscle.  It  also 
occasionally  affects  pathological  products,  as  thrombi 
inflammatory  exudations,  &c.  It  is  rarely  limited  to  one 
organ,  but  several  organs  are  almost  invariably  simul- 
taneously affected  by  it. 

Respecting  the  nature  of  the  new  material  which  exists 
m  the  tissues,  the  analyses  of  Kekule  and  Schmidt  show 
that  it  is  a  nitrogenous  substance  closely  allied  to  albu- 
men.   The  conclusions  arrived  at  by  these  observers  are, 
however,  not  satisfactory,  as  they  were  unable  completely 
to   separate   the  substance   from  the   tissues.  More 
recently,  Kiihne  succeeded  in  more  completely  isolating 
■  It.  _  He  submitted  the  affected  organs  to  a  process  of 
artificial  digestion,  and   inasmuch   as   the  lardaceous 
substance  is  not  dissolved  by  digestion  with  pepsin,  it 
was  thus  obtained  free  from  the  tissues  in  which  it  was 
contained.     The   result   of   Kiihne's  analyses  is  very 
similar  to  those  of  Kekule  and  Schmidt.    Dr.  Dickinson 
regards  the  new  substance  as  fibrin  deprived  of  its 
alkaline  salts.    The  investigations  of  Dr.  Marcet*  show 
that  the  affected  organs  are  considerably  deficient  in 
potash  and  phosphoric  acid,  whilst  they  contain  an  excess 
of  soda  and  chlorine.    In  conclusion  it  may  be  stated 
th-at,  altliough  the  precise  composition  of  the  lardaceous 
substance  has  not  yet  boon  determined,  the  results  of  the 
several  analyses  appear  to  justify  the  opinion  that  it  is 
some  modification  ofc  albumen. 


•  S.;c  "  R''port  of  Coiiimittoc  ou  Lardacuoiis  Diseusi',''  Trum.  I'uth. 
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The  most  characteristic  feature  of  the  lardaceous  sub- 
stance is  the  peculiar  reaction  which  it  gives  with  iodine, 
and  with  iodine  and  sulphuric  acid.     If  an  aqueous 
solution  of  iodine— made  with  the  help  of  potassium 
iodide— be  applied  to  a  lardaceous  organ,  the  affected 
portion  changes  to  a  deep  reddish-brown  colour.    This  is 
not  permanent,  but  gradually  passes  off,  and  the  part 
regains  its  former  appearance.    If  the  application  of  the 
iodine  be  followed  by  the  cautious  addition  of  sulphuric 
acid,  a  blackish-blue  or  violet  tint  is  produced.  This 
latter  reaction,  however,  is  not  easily  obtained,  consi- 
derable nicety  being  required  in  the  application  of  the 
reagents.    The  following  is  the  method  for  obtaining  it, 
recommended  by  Professor  Yirchow  :— A  dilute  aqueous 
solution  of  iodine  must  be  allowed  to  soak  well  into  the 
tissue,  the  excess  must  be  poured  off,  and  a  single  drop 
of  concentrated  sulphuric  acid  gradually  added,  when  a 
blue  or  violet  colour  will  be  produced,  either  at  once  or 
after  some  time.  In  the  hands  of  English  pathologists  this 
latter  reaction  has  certainly  met  with  but  bttle  success ; 
and  if  the  colour  be  obtained,  it  is  by  no  means  satis- 
factory, and  more  nearly  resembles  a  black  than  the  blue 
which  has  been  described.    Fortunately,  however,  the 
reaction  with  iodine  alone  is  sufficiently  characteristic, 
and  the  attempt  to  obtain  the  blue  by  the  subsequent 
addition  of  sulphuric  acid,  is  therefore  quite  unnecessary. 
If  the  change  is  at  all  advanced,  the  reddish-brown  colour 
will  be  produced  by  merely  pouring  the  aqueous  solution 
of  iodine  over  the  cut  surface  of  the  organ ;  but  in  slighter 
degrees  of  the  affection,  thin  sections  must  be  made  with 
a  Valentin's  knife,  and  well  washed  with  water  to  remove 
the  blood,  before  the  coloration  with  iodine  can  be  ob- 
tained. 

,     Certain  other  forms  of  altered   albumen  exhibit  a 
■  similar  colour  when  treated  with  iodine,  so  that  this 
reaction  cannot  be  regarded  as  absolutely  characteristic. 
Eeceutly  M.  Cornil  has  discovered  another  property  of 
the  lardaceous  substance,  which  consists  in  the  deep 
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violet  staimng  which  the  affected  tissues  imdergo  when 
^^^^^  ^  solution  of  methyl  aniline.  This  reaction 
appears  to  be  valuable,  inasmuch  as  the  staining  is 
much  more  permanent  than  that  caused  by  iodine,  and 
thus  IS  more  suited  for  microscopical  purposes ;  and 
as  the  iodine  reaction  can  be  obtained  with  other  albu- 
minous bodies,  M.  Cornil's  method  is  especially  valuable 
a  confirmatory  test. 

The  lardaceous  substance  usually  makes  its  appearance 
first  in  the  small  arteries,  the  cells  of  the  intima  and  of 


Lrirdfirrom  Ih'er  Cdls.    a.  Siocjle  cells,  h.  Cells 
wbicli  Lave  coalesced,  x  3U0.  (Kiucineisch.) 

the  muscular  coat  being  first  aifected,  then  the  remaining 
structures  of  the  artery.  When  the  vessels  have  become 
involved  the  new  material  appears  in  the  immediately 
surrounding  parts,  Ijoth  in  the  cells  and  in  the  inter- 
cellular  suljstance.  The  change  may  thus  involve^the 
whole  organ,  or  it  may  l)e  limited  to  certain  iiortions.  Tu 
spleen,  for  example,  it  is  frequently  limited  to  the 
Malpighian  corpuscles  ;  and  in  the  liver  to  the  cells  in  the 
more  immediate  vicinity  of  the  hepatic  fi.rtery. 

The  alterations  produc(!d  in  the  tissues  by  this  degenera- 
tion are  very  characteristic,  'i'ho  cells  gradually  increase 
msize,  they  lose  any  irroguhirities  in  their  contour,  and 
become  rounder  and  more  regular  in  shape,  their  nuclei 
disappear,  and  tlie  wliole  cell  is  converted  into  a  structure- 
less homogeneous  Iwdy  wliich  iuis  a  pecidiar  translucent 


Fig.  18. 
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glistening  appearance.  (Fig.  18,  a.)  If  the  cells  are  in 
close  contact  many  of  them  may  coalesce,  and  their  dis- 
tinctive boundaries  thus  become  obliterated.  (Fig.  18,  I.) 
The  interceriular  substance  in  the  same  way  acquires  a 
homogeneous  glistening  appearance.  The  walls  of  the 
small  arteries— in  which,  as  already  stated,  the  change 
usually  commences— become  considerably  thickened,  the 
cells  of  the  muscular  coat  enlarge  and  ultimately  coalesce, 
the  calibre  of  the  vessel  becomes  diminished,  and  the  cir- 
culation through  it  is  consequently  impeded.  (See  Fig.  20.) 

Organs  in  which  this  change  is  at  all  advanced,  present 
features  so  characteristic  that  its  nature  can  be  readily 
recognised  by  the  naked  eye.  They  are  usually^  consider- 
ably increased  in  size ;  their  absolute  weight  is  increased, 
and  also  their  specific  gravity ;  their  surface  is  smooth, 
and  the  capsule  tense  and  stretched;  their  consistence  is 
lirm  and  somewhat  elastic.  On  section  they  exhibit  a 
peculiar  homogeneous,  glistening,  translucent  appearance, 
somewhat  resembhng  wax  or  glue.  Owing  to  the  dimi- 
nished calibre  of  their  blood-vessels  and  to  the  pressure 
exercised  by  the  new  material,  they  contain  but  little 
blood,  and  hence  are  always  pale  in  colour.  Although  the 
above  characters  are  often  sufficiently  marked,  they  should 
always  be  confirmed  by  the  application  of  iodine  or 
methylaniline  to  the  cut  surface  of  the  organ.  In  slighter 
degrees  of  the  afi'ection,  when  the  physical  characters  are 
but  little  altered,  the  application  of  these  reagents  may 
become  necessary  in  order  to  discover  the  presence  of  the 
new  substance. 

w  The  effect  of  lardaceous  degeneration  is  to  impair  or 
even  to  completely  destroy  the  uutrition  and  function 
of  those  organs  which  are  aflectod  by  it.  This  is 
owing  to  two  causes— the  obstruction  offered  to  the  cir- 
culation, and  the  injurious  inlluence  of  the  new  material 
upon  the  vitality  of  the  affected  cells.  The  obstruction  to 
the  circulation,  which  results  partly  from  the  diminution 
in  the  calibre  of  the  small  arteries,  and  partly  from  the 
general  pressure  exercised  by  the  new  substance,  causes 
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an  insufBciency  in  the  supply  of  arterial  blood.  As  a  con- 
sequence of  this,  the  cells  tend  to  undergo  fatty  meta- 
morphosis,  which  indeed  is  frequentl}'  associated  with  the 
lardaceous  change.  As  this  form  of  degeneration  is 
almost  invariably  secondary  to  some  grave  constitutional 
state,  it  can  rarely  be  looked  upon  as  in  itself  a  cause  of 
death,  although  it  may  materially  hasten,  and  even  deter- 
mine, the  fatal  termination. 

Having  thus  described  the  nature  of  the  lai-daceous  sub- 
stance, and  the  way  in  which  it  makes  its  appearance  in 
the  several  tissues  of  an  organ,  it  remains  to  consider  the 
source  from  which  it  is  derived.   The  disease  has  usually 
been  regarded  as  an  infiltration,  as  the  deposition  in  the 
tissues  of  some  new  material  derived  from  the  blood. 
This  view  is  based  upon  the  way  in  which  the  several 
tissues  of  an  organ  are  affected,  the  change  usually  com- 
mencing in  the  small  nutrient  blood-vessels,  and  extending 
from  them  to  the  surrounding  parts ;  upon  the  general 
character  of  the  affection,  several  organs  being  simulta- 
neously involved  ;  and  upon  the  fact  that  the  disease  is 
almost  invariably  secondary  to  chronic  suppuration  or 
syphilis.     The  existence,  however,  of  any  albuminoid 
substance  in  the  blood  which  resembles  the  lardaceous 
material  in  its  chemical  reactions,  has  never  been  made 
out  even  in  the  most  marked  cases  of  the  disease.  This 
fact  must  therefore  negative  the  supposition  that  it  is  a 
simple  infiltration.     If  the  new  material  be  derived  from 
the  blood  at  all,  it  must  undergo  some  chemical  change 
subsequently  to  its  deposition  in  the  tissues.  Dr.  Dickin- 
son considers  that  it  is  dealkalised  fibrin,  which  is  depo- 
sited in  consequence  of  the  loss  of  the  alkali  which  it 
normally  contains.    This  loss  of  alkali  he  attributes  to 
the  chronic  suppuration  which   usually   precedes  the 
disease,  ],us  containing  large  quantities  of  potassium  and 
sodnim  salts.    He  consequently  terms  tlio  disease  "  depu- 
rativc  infiltration."*     Whatever  be  the  exact  nature  of 
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the  change,  it  is  probably  due  to  some  abuoi'mal  state  of 
the  blood;  although  whether  the  new  substance  found 
in  the  organs  is  a  deposition,  or  an  altered  condition  of 
the  albumen  of  the  tissues  due  to  the  altered  blood,  must 
for  the  present  remain  uncertain. 

LAEDACEOOS  DEGENERATION   OF  TUE  LIVER. 

The  liver  is  one  of  the  most  frequent  seats  of  the 
lardaceous  change,  and  here,  as  in  other  parts,  it  jirobabh^ 
commences  in  the  small  nutrient  blood-vessels,  although 

Fig.  19. 


Larddcniiis  IJrer.  A  portion  of  one  lobiilo.  sliowiiig  the 
eulargenieut  aud  fusion  of  the  hepatic  eclls.  iind  tlie  gVL-ater 
implication  of  the  intermediate  zone  of  the  lobule.  At  the 
more  external  portion  of  the  lobule  are  seen  several  fat 
cells,  a  certain  amount  of  fatty  infiltration  being  associated 
with  the  lardaceous  change,    v.  llepalic  vein,     x  luii. 

the  alterations  are  much  the  most  marked  in  the  hepatic 
cells.  If  a  liver  be  examined  in  the  earlier  stages  of  the 
affection,  and  the  iodine  solution  applied  to  thin  washed 
sections  of  the  organ,  it  will  be  found  tluit  the  character- 
istic staining  is  limited  to  certain  portions  of  tlie  lobules — 
viz.,  to  those  wliieh  are  situated  l_iet\veeu  their  e.xtermil 
and  central  )ia,rts.  This  intei-mediale  portion  corresjionds 
with  the  distribution  of  the  hepatic  artery,  and  the  rami- 
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fications  of  tbis  vessel,  tog-ether  with  the  hepatic  cells 
situated  in  their  vicinity,  are  the  first  to  become  afi'ected. 
(Fig.  19.)  As  the  change  advances  the  whole  lobule  may 
ultimately  become  involved.  The  alterations  in  the  hepatic 
cells  are  very  characteristic.  They  -are  much  enlarged, 
irregular  in  outline,  their  nuclei  are  imperceptible,  "and 
many  of  them  are  fused  together  into  irregular-shaped 
masses.    (See  Fig.  18.) 

The  earliest  seat  of  the  lardaceous  change  thus  differs 
from  that  of  the  fatty.  In  fatty  infiltration  it  is  the  most 
external  portion  of  the  loljule  in  which  the  fat  first  accu- 
mulates—that which  corresponds  with  the  distribution  of 

■  the  portal  vein.  (See  Fig.  8.)  It  differs  also  from  that 
pigmentation  of  the  hepatic  cells,  resulting  ft  •oni  me- 
chanical congestion,  which  takes  place  in  the  most  central 

'  portion,  around  the  hepatic  vein.  (See  "  Nutmeg  Liver.") 
Thus  in  each  hepatic  lobule  three  zones  may  be  distin- 
guished :— an  external  one,  which  is  the  chief  seat  of 

■  the  fatty  change ;  a  central  one,  which  is  the  chief  seat  of 

■  pigmentary  change  ;  and  an  intermediate  one,  which  " 
IS  the  chief  seat  of  the  lardaceous  change.  These  three 
zones,  indeed,  may  frequently  be  recognised  by  the  naked 
eye,  the  pale  opaqne  external  one  contrasting  strongly 
with  the  intermediate  one  which  is  translucent,  and  with 
the  darker  central  one.  In  the  most  advanced  stages 
of  the  disease,  however,  1x)th  the  external  and  central 
portions  of  tlie  lobule  may  become  involved,  and  the 
cut  surface  present  an  almost  uniformly  homogeneous 
appearance.  " 
_  The  lardaceous  liver  is  increased  in  size,  often  very  con- 
siderably so;  it  may  be  so  large  as  almost  completely  to 
hli  the  abdominal  cavity.  The  enlargement  is  uniform, 
and  hence  the  natural  configuration  of  the  org„,n  is  but 
httle  altcrc;cl.  Its  weight  is  increased,  and  also' its  specific 
giavity.  Its  edge  is  rounde.l,  the  surfa.ce  is  smooth,  ;uid 
the  capsule  appears  tense  and  stret(d,ed.  The  consistence 
.«  fii-rn  and  elastic.  The  cut  surfM,ce  is  dry,  bloodless, 
smooth,  translucent,  and  waxy-lookiny,  and  of  a  pale 


76 


NUTEITION  IMPAIRED. 


reddish-grey  or  dirty  yellow  colour.  If  the  change  is  very 
far  advanced,  the  tissue  may  be  perfectly  homogeneous, 
all  distinction  between  the  individual  lobules  bemg  lost. 
In  other  cases  the  lobules  are  distinctly  mapped  out; 
they  are  enlarged,  -and  the  external  zoue  may  be  of  an 
opaque  yellowish -white  colour  owing  to  the  presence  of 
fat.  This  associatioD  of  the  fatty  and  lardaceous.changes^ 
is  exceedingly  common.  Lardaceous  degeneration  does 
j  noF'obstTucETlir^rtal  circulation,  and  hence  does  not 
cause  ascites.  It  impairs  the  vitality  of  the  hepatic  cells, 
and  thus  interferes  with  the  functions  of  the  organ. 


LARDACEOUS  DEGENEKATION  OF  THE  KIDNEYS. 

The  kidneys  are  very  liable  to  be  involved  in  the  lar- 
daceous change,  and  here  it  is  the  smaller  blood-vessels 
which  are  more  especially  affected.  It  may  constitute  in 
them  the  primary  lesion,  or  it  may  occur  subsequently  to 
inflammatory  conditions  implicating  the  -secreting  and  in- 
terstitial structures.  As  a  primary  change  it  is  an  impor- 
tant variety  of  Bright's  disease. 

The  process  usually  commences  in  the  tufts  of  vessels 
which  form  the  Malpighian  bodies,  the  walls  of  which 
become  thickened  by  the  new  material,  so  that  the  tufts 
are  increased  in  size.  It  then  involves  the  small  aC'crent 
arteries,  and  ultimately  the  vasa  eflerentia  and  the 
arteriolas  recta)  which  run  through  the  medullary  portion 
of  the  organ.  The  changes  produced  in  the  vessels  are 
very  characteristic.  Their  walls  are  considerably  thickened, 
and  their  calibre  is  so  much  diminished  that  the  smallest 
ones  cannot  be  artilicially  injected.  This  thickening  of 
the  walls  of  the  vessels  is  mainly  owing  to  alterations  in 
their  muscular  coat,  and  especially  to  the  cells  of  the 
circular  muscular  layer.  These  cells  are  much  increased 
in  size,  they  are  more  or  less  globular  in  shape,  and  many 
of  them  have  lost  their  distinctive  outlines.  The  longi- 
tudinal muscular  fibres  and  the  most  internal  coat  of  the 
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ressel  are  often  seen  as  one  homogeneous,  glistening, 
itructureless  layer.  (Fig.  20.)  After  the  vessels  have 
)ecome  affected,  the  intertubular  tissiies  of  the  cortex  are 
-nvolved,  and  in  some  cases  the  epithelium  of  the  tubes 
.ilso  undergoes  the  lardaceous  change.  In  the  earlier 
itages  of  the  process,  however — if  the  organ  is  not  the 
^eat  of  any  other  morbid  change — the  tubes  and  their 
lining  epithelium  present  a  perfectly  natural  appearance. 

Fig.  20. 


Lnrdnreovs  Drr/enpraflon  nf  a  jSMpirjliian  Tiifl  and  small 
Artcri/  oftlie  Kidiipi/.  Showing  the  tliickeuiug  of  tlie  walls 
of  the  vetfsel,  the  enlargement  of  tho  cells  of  the  circular 
musoiilnr  coat,  anrl  tho  homogeneous  layer  foniied  by  the 
iutima  and  longitudinal  muscular  fibres,  x  200,  reduced  ^. 


iMauyof  them  contain  pale  hyaline  casta,  which  also  appear 
in  the  urine.  These,  however,  are  probably  simply  exuda- 
tion products  ;  although,  from  the  reaction  they  occasion- 
ally exhibit,  it  appears  that  they  sometimes  consist  of  tlic 
same  material  as  that  which  permeates  the  vessels  and 
intertubular  structures.  As  the  change  proceeds,  and  tho 
new  material  increases  in  amount,  tlie  tubes  l)ccomo  com- 
pressed, and  in  many  places  completely  olistructed.  If 
the  compression  is  not  uniform,  they  may  dilate  and 
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form  small  cysts.  The  epithelium,  which  was  at  first 
noi-mal,  owing  to  the  interl'ereuce  with  its  nutritioD. 
ultimately  atrophies  and  undergoes  fatty  changes.  In 
some  cases  it  appears  to  be  the  seat  of  a  catarrhal 
process,  and  the  tubes  are  found  blocked  with  the  epi-  i 
thelial  products.  In  the  later  stages  of  the  process  there' 
is  almost  invariably  an  increase  in  the  intei'tubular  con-, 
nective  tissue. 

The  first  effect  of  this  change  is  to  obstruct  the  circu- 
lation in  the  cortex.  The  blood-vessels,  diminished  ini 
calibre,  allow  little  but  the  liquor  sanguinis  to  pass 
through  them,  the  passage  of  the  blood-corpuscles  being, 
to  a  great  extent  prevented :  hence  the  pallor  of  this 
portion  of  the  organ.  The  arterial  walls  are  so  altered, 
that  fluids  and  albumen  readily  permeate  them  ;  and 
thus  is  produced  the  large  quantity  of  uriae,  loaded  with; 
albumen,  which  characterises  the  earlier  stages  of  this: 
affection.  As  the  change  proceeds,  and  the  tubes: 
become  obstructed,  the  urine  diminishes  in  quantity.  Thei 
excretion  of  urea  is  less  interfered  with  than  in  other; 
forms  of  Bright's  disease,  and  hence  sj-mptoms  due  to  itS: 
retention  seldom  occur.  Tube  casts  are  rarel}^  numerous; 
they  are  for  the  most  part  hyaline  or  finelj'  granular/ 
though  sometimes  they  are  covered  witli  fatt}^  epithelium.. 

In  the  earKer  stages  of  the  affection,  the  cortex  of  thet 
kidney  is  merely  rather  paler  than  natural,  and  perhapsi 
somewhat  firmer  in  cousisteuce ;   but  otherwise  it  pre-- 
sents  no  abnormal  appearance.  It  is  only  upon  the  appli- 
cation of  iodine  to  the  cut  surface,  or  to  thin  washed! 
sections  of  the  organ,  tliat  its  diseased  condition  becomes  a 
evident.    When  this  test  is  employed,  the  Malpighiau 
bodies  at  once  become  ajiparent  as  minute  red  points  . 
scattered  through  the  cortex.    As  the  disease  advances,  ^ 
the  size  of  the  organ  increases  ;  the  enlargement,  how- 
ever, is  principally  confined  to  the  cortex.    The  surface  is 
smooth,  and  the  cajisule  separates  readily.    The  enlarged 
cortex  is  remarkably  pale  and  anaemic,  aud  has  a  peculiar 
translucent,  homogeneous,  wax-like  appearance.    Its  con- 
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.once  is  hard  nud  firm,  A  few  scattered  vessels  may 
le  seeu  ou  the  surface,  and  the  bases  of  the  pyramids 
ometimes  exhibit  an  increased  amount  of  vascularity. 
i  iodine  be  ^joured  over  the  cut  sni-face,  the  iJalpighian 
)odies  and  the  arteries  of  the  cortex  become  mapped  out 
Iniost  as  clearly  as  in  an  artificial  injection.  The  enlarged 
(lalpighian  bodies  may  indeed  usually  be  seen  as  glisten- 
-Qg  points  before  the  iodine  is  applied.  Frecpiently,  the 
lomogeneous  appearance  of  the  cortex  is  interrupted  by 
linute,  opaque,  yellowish-white  lines  and  markings ; 
hese  are  produced  by  the  fatty  changes  in  the  epithelium 
f  the  tubes,  which  so  commonly  occur  in  the  later  stages 
f  the  affection.  Ultimately  the  capsule  becomes  more 
r  less  adherent,  and  slight  irregular  depressions  make 
heir  appearance  upon  the  surface  of  the  organ  :  tbe 
liter  are  due  to  atrophic  changes  in  some  of  the  tubes, 
f,  as  is  usually  the  case,  the  process  is  associated 
/ith  an  increase  in  the  intertubular  connective  tissue,  the 
trophy  of  the  organ  will  be  more  marked.  (See  "  Inter- 
titial  Nei'jhritis.") 

LARDACEOUS  DEGENERATION   OP  THE  SPLEEN. 

Lardaceous  degeneration  of  the  spleen  is  met  with  in 
wo  forms— one  in  which  the  disease  is  limited  to  the 
vlalpighian  corpuscles— the  "Sago  Spleen,"  and  the 
)thor  in  whicli  the  pulp  appears  to  be  chiefly  implicated. 
The  former  is  much  the  more  common  condition.  In 
■t  the  iMalpighian  corpuscles  undergo  the  lardaceous 
Aange,  and  become  converted  into  translucent  wax-like 
bodies,  much  like  boiled  sag(j;  hence  the  name.  The 
process  commences  in  the  small  arteries  of  the  corpuscle, 
a-nd  then  the  Iympha,tie  cells  ol:  which  the  corpuscle  is 
made  up  are  involved  ;  they  increase  in  si/,e,  become  more 
in-egular  in  outline,  many  of  them  coalesce,  ajid  ulti- 
mately the  whoh;  is  converted  into  a  pale,  lirm,  translu- 
cent, glistcnrng  mass.    {Fig.  21.) 

The  sago  spleen  is  more  or  less  enla  rged  ;  its  weight 
ind  density  are  also  increased.  The  cut  surface  is  smooth, 
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dry,  and  studded  all  over  with  small  glistening  sago-lik. 
bodies,  varying  in  size  from  a  millet  to  a  hemp-seed, 
which  are  stained  a  reddish-brown  colour  by  the  iodine 
solution.  These  may  become  so  large  as  to  occupy  a 
large  portion  of  the  organ,  although  in  earlier  stages  oi 
the  affection  they  are  so  minute  that  the}''  can  only  be 
seen  in  thin  sections  of  the  tissiie. 


Fig.  21. 


Lardaceous  Degeneration  of  the  Spleen — Sngo  Spteen."  A 
portion  of  oue  of  the  altered  Malpighian  corpuscles,  a,  vrHh 
the  adjacent  normal  splenic  tissue,  b.  Showing  the  increase 
in  size,  and  in  many  parts,  the  coalescence  of  the  cells,  of 
"which  the  corpuscle  is  composed,    x  200. 

In  the  other  variety  of  lardaceous  spleen,  the  pulpy] 
parenchyma  between  the  corpuscles  is  principally  aflected.l 
This  is  probably  merely  an  advanced  stage  of  the  former 
condition,  in  which  the  disease  extends  from  the  cor- 
puscles to  the  surrounding  pulp  ;  the  Avhole  organ  beingj 
ultimately  involved.     Under  these   circumstances  the 
organ  often  attains  a  considerable  size,  much  larger  than 
is  met  with  in  the  sago  spleen.    It  is  remarkably  hard 
and  firm,  and  the  capsule  is  tense  and  transparent.  On 
section  it  presents  a   dry,  homogeneous,  translucent 
bloodless  surface,  of  a  uniform  dark  reddish -brown  colour. 
Thin  sections  can  be  readily  made  with  a  knife,  the  organ, 
cutting  like  soft  wax.    The  corpuscles  are  not  visible  as 
in  the  former  variety,  being  probably  obscured  by  the 
surrounding  ])ulp. 


LAEDACEOUS  DEGENERATION. 


81 


LARDACEOUS  DEGENERATION  OF  LYMPHATIC  GLANDS. 

In  the  lymijlaatic  glands  tlie  i^rocess  mucli  resembles 
that  in  the  spleen.  The  small  arteries  in  connection  with 
the  follicles  of  the  gland  are  the  earliest  seats  of  the 
change  ;  and  from  these  it  extends  to  the  lymphoid  cells. 
The  follicle  thns  becomes  ultimately  converted  into  a 
small  homogeneous  mass. 

The  glands  are  enlarged,  and  on  section  the  minute 
wax-like  bodies  can  often  be  seen  scattered  through, 
the  cortex.  The  cut  surface  is  smooth,  pale,  and  trans- 
lucent. 

As  these  glands  are  largely  concerned  in  the  formation 
of  the  blood-corpuscles,  their  implication  in  the  lardaceous 
change  must  to  a  large  extent  aidin  prodaci  ng  the  ema- 
ciation and  anasmia  which  characterise  this  affection. 
The  same  is  true  of  the  spleen,  which  is  usually  simul- 
taneously involved. 

LARDACEOUS  DEGENERATION  OE  THE  ALOIENTAIIY  CANAL. 

The  whole  of  the  ahmentary  tract  may  be  the  seat  of 
the  lardaceous  change,  and  here  it  assumes  an  important 
aspect  from  the  deleterious  influence  which  it  exercises 
upon  the  absorbent  and  secreting  processes,  and  from  the 
consequent  impairment  of  the  general  nutrition  which 
results.  The  disease,  however,  in  this  situation  is  very  apt 
to  escape  observation,  as  it  produces  but  little  alteration 
in  the  appearance  of  tlio  parts.  The  mucous  membrane 
may  look  somewhat  pale,  translucent,  and  mdematoiis, 
but  otherwise  to  the  na,lccd  eye  nothing  is  discoverable. 
It  is  only  upon  the  application  of  iodine  to  the  washed 
nnicons  surfaces  tliat  the  nature  of  the,  change  becomes 
apparent.  In  tlie  small  intestine — which  is  perhaps  the 
part  most  commonly  alfectod— the  effect  of  th(!  a,i)i)lica- 
tion  of  iodine  is  very  cha,racteristic.  A  iniinljcr  of  smiill 
reddish-brown  points  a[)[)(;ar  over  the  wlnile  surface  (if 
the  membrane;  these  correspond  in  tluMiibvsiimil  villi, 
the  arteries  ujid  ea[)ill!i,ries  of  which   hii,ve  undei-gone 
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tlie  lardaceous  cliauge.  In  the  stomacli  and  cRsopliagus 
the  vessels  are  mapped  out  in  a  similar  manner  hy  the 
iodine  solution.  The  change  in  the  intestine  gives  rise 
to  serous  diarrhosa,  this  being  probably  due  to  an  in- 
creased permeability  of  the  degenerated  walls  of  the 
vessels. 

THE  coiiroRA  a:myi'\cea. 
The  corpora  amylacea  or  "  amyloid  bodies,"  so  fre- 
quently met  with  in  the  nervons  system,  in  the  prostate, 
and  in  other  parts,  have  usually  been  looked  upon  as  more 
or  less  allied  to  the  lardaceous  substance  ;  there  appears, 
however,  with  the  exception  of  a  certain  similarity  in  their 
behaviour  with  iodine  and  sulphuric  acid,  to  be  no  con- 
nection between  them. 

They  are  round  or  oval  bodies,  formed  of  a  succession 
of  concentric  layers,  and  are  often  changed  to  a  deep  blue 
colour  by  iodine,  thus  bearing,  both  in  their  structure  and 
chemical  properties,  the  strongest  resemblance  to  granules 
of  vegetable  starch.     (Fig.  2-2.)     Sometimes,  however. 

the  bine  is  only  exhibited 
after  the  subsequent  addition 
of  sul]ihuric  acid,  and  thus  a 
resemblance  is  shown  to  the 
lardaceous  substance.  They 
yavy  in  size  from  micro- 
scopic grannies  to  bodies 
which  are  distinctly  visible 
to  the  naked  eye ;  sometimes 
being  as  much  as  one  or  two 
lines  in  diameter.  The  larger  ones  are  usually  formed 
by  the  conglomeration  of  the  smaller  granules,  which  are 
often  enclosed  by  a  common  envelope. 

They  occur  especially  in  conditions  of  atrophy  or 
softening  of  the  nervous  system  :  the  epeudyraa  of  the 
ventricles,  the  while  substance  of  the  brain,  the  choroid 
plexus,  the  optic  nerve  and  retina,  and  the  spinal  cord 
being  their  favourite  seats.    The  larger  forms  are  met 
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with  most  frcqnoutlj^  in  the  prostate.    The  prostate  of 

nearly  every  adult  contains  some  of  these  bodies  ;  and 
'  they  may  accumulate  here  to  such  an  extent  as  to  form 

large  concretions.  They  are  occasionally  met  with  iu  tho 
!  lungs,  and  in  mucous  and  serous  membranes. 

As  has  been  said  they  usually  exhil^it  a  bright  blue 

colour  upon  the  application  of  iodine  alone,  although  in 
■  some  cases  not  until  the  subsequent  addition  of  sulphuric 
iacid.     Many  of  them,  however,  are  coloured  green,  or 

even  brown  by  these  reagents.  The  green  is  due  to  their 
:  admixture  with  nitrogenous  matters,  which  give  a  yellow 

colour  with  iodine,  and  hence  the  combination  yields  a 
.green.  The  greater  the  amount  of  nitrogenous  matter  the 
:more  brown  does  the  colour  become. 

From  the  laminated  structure  of  these  bodies  they 
'would  appear  to  be  formed  by  the  gradual  precipitation 
of  some  material,  layer  by  layer,  upon  the  surface  of  pre- 
existing particles.  The  nature  of  the  material,  however, 
does  not  appear  to  resemble  that  of  the  substance  met 
with  in  lardaceous  degeneration.  The  two  processes  arc 
80  essentially  different,  both  in  the  circumstances  under 
which  they  occur  and  in  the  characters  and  seat  of  the 
morbid  products,  that  they  cannot  be  looked  upon  as  in 
any  way  analogous.  Lardaceous  degeneration  is  a  general 
change,  whereas  the  formation  of  the  corpora  amylacea  is 
■evidently  of  a  local  nature.  The  latter  is  often  preceded 
>by  those  local  atrophic  changes  associated  with  advanced 
'life,  and  appears  to  consist  in  the  deposition  of  sonic 
starch-like  material,  ],robably  liberated  in  tho  tissues 
themselves,  upon  any  free  body  which  may  exist  i;i  iis 
vicinity. 

The  corpora  amylacea,  esijccially  those  occurrini;-  in 
the  choroid  plexus  and  in  the  lateral  ventricles,  avf  very 
liable  to  become  calcified,  and  they  then  constitule  dini 
:orm  of  "  brain  sand,"  which  is  so  often  met  witii  in  these 
»ituations. 


CHAPTER  VIII. 


CALCAREOUS  DEGENERATION. 

Calcaheous  Degeneration — or,  as  it  ia  more  commonly 
callecl,  Calcification — consists  in  the  infiltration  of  tlie 
tissues  with  calcareous  particles.  Physiological!}',  an  in- 
filtration of  calcareous  particles  takes  place  in  the  forma- 
tion of  bone,  in  which  lime  and  magnesian  salts  are  depo- 
sited in  the  fibrons  or  cartilaginous  matrix.  This  physio- 
logical is  precisely  similar  to  the  ]3athological  process.  It 
is  important,  however,  to  distinguish  simple  calcification 
from  ossification.  In  the  latter  there  is  not  only  a  depo- 
sition of  Hme  salts,  but  an  active  change  in  the  tissue 
itself — a  proliferation  of  the  cellular  elements,  an  intimate 
\mion  of  the  calcareous  matters  with  the  tissue,  and  the 
formation  of  a  true  osseous  structure  in  which  the  cal- 
careous particles  are  not  visible.  Calcification,  on  the 
other  hand,  is  a  purely  pasfit-e  process  :  there  is  no  in- 
creased nutritive  activity  of  the  part,  no  multiplication  of 
elements,  no  alteration  of  the  structure,  but  merely  an 
infiltration  with  calcareous  particles. 

An  infiltration  and  deposition  of  calcareous  substances 
occurs  under  two  opposite  conditions:  one — in  which 
there  is  an  absolute  increase  in  the  amount  of  these  con- 
stituents in  the  blood,  and  a  portion  of  the  excess  becomes 
dejiosited  in  the  tissues  ;  the  other— in  which  there  is  no 
such  increase,  but  the  deposition  takes  place  owing  to 
some  alteration  in  the  tissue  itself.  Tliat  the  calcareous 
]iarticles  are  in  all  cases  brought  to  the  part,  and  are  not 
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simply  those  normally  contained  in  it  vrhicli  have  become 
precipitated,  is  shown  by  the  fact  that  their  quantity 
greatly  exceeds  that  of  healthy  tissue. 

Au  absolute  increase  of  the  saline  constituents  in  the 
blood,  and  the  deposition  of  the  excess  in  the  tissues,  is 
much  the  less  frequent  form  of  calcification.  It  occurs  in 
some  forms  of  softening  of  bone,  especially  in  extensive 
caries  and  osteomalacia.  In  these  diseases  the  lime  salts 
are  removed  from  the  bone,  returned  into  the  blood,  and 
some  of  them  deposited  in  other  tissues.  In  such  cases 
the  calcification  is  usually  more  or  less  general — nianj^ 
organs  being  simultaneously  involved.  In  osteomalacia 
it  is  not  irncommou  to  find  the  kidneys,  the  lungs,  the 
stomach,  the  intestines,  and  even  the  dura  mater  and 
liver,  infiltrated  to  a  greater  or  less  extent  with  lime  salts. 
The  deposition  tahes  place  in  the  tissue  immediately 
surrounding  the  blood-vessels,  through  the  walls  of  which 
the  calcareous  matters  transude  ; — thus,  in  the  lungs  the 
seat  of  the  change  is  the  interlobular  tissue ;  in  the 
stomach,  the  stroma  between  the  glands ;  and  in  the 
kidney,  the  tubuli  uriuiferi  and  the  intertiibular  tissue. 
Analogous  to  this  form  of  calcificatio?i  is  the  deposition 
of  the  excess  of  urate  of  soda  which  takes  place  in  gout. 

In  the  great  majority  of  cases,  however,  calcification  is 
a  local  change,  depending  not  upon  any  alteration  in  the 
composition  of  the  Idood,  ljut  upon  changes  in  the  tissues 
themselves,  owing  to  which  some  of  the  saline  matters 
which  are  normally  held  in  solution  in  the  blood  are  de- 
posited in  them.  The  alteration  in  the  tissues  consists  in 
some  enfeeblement  of  the  nutritive  processes,  associated 
with  a  diminution  in  tlie  amount  of  blood,  and  a  retarda- 
tion of  its  circulutif)n.  Calcification  is  th('r(.'r<)rc  very  fre- 
quent as  a  .H(;nilo  clumge,  and  is  especiiiJly  common  in  the 
arteries  of  old  jieople.  (Sec"  Galcificatii)n  of  Arteries.")  It 
also  occurs  ntnler  other  circumsta,nces  whore  tissue  changes 
are  very  I'ecble,  as  in  thrombi,  in  the  caseous  mn,sHes  so 
common  in  the  lungs  and  lym]iliatic  gliuids,  in  a,tlieroma- 
tons  arteries,  ami  in  non-va,scnliir  tumours.  Jlespccting 
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the  cause  of  the  deposition  of  the  calcareous  substances- 
it  is  probably  partly  clue,  as  stated  by  Eiudfleisch,  to  the 
stao- nation  of  the  nutritive  fluids  in  the  part,  owing  to 
which  the  free  carbonic  acid,  which  appears  to  hold  the 
salts  in  solution,  escapes,  and  they  are  consequently  pre- 
cipitated ;  and  partly  to  the  non-assimilation  of  these 
fluids  by  the  enfeebled  elements  of  the  tissire. 

The  calcareous  particles  make  their  appearance  both 
within  the  cells  and  in  the  interceUular  substance;  they 
are  much  more  frequent,  however,  in  the  latter  situation. 
They  arc  seen  at  first  as  fine  molecules  scattered  irre- 
gularly through  the  intercellular  substance.     (Fig.  23.) 

Fig.  23. 


A  CulriiM  Sarcoma/OHS  Tumour.  Kliowiug  the 
miuute  ca'lcnroous  particles  scixttered  tlirough  tlie 
intorcellular  snbstauce.  To  the  left  of  the  tigure  tbey 
are  so  abiuulaut  as  to  almost  completely  obscure  the 
cells.     X  2UD. 

They  are  characterised,  when  viewed  by  transmitted 
light,  by  their  opacity,  dark  black  colour,  and  irregular 
outline,"  and  also  by  their  solubility  in  dilute  mineral 
acids.  They  gradually  increase  in  number  until  ulti- 
mately large  tracts  of  tissue  may  be  converted  into  an 
opaque  calcareous  ma.ss,  in  which  the  cells  are  enclosed 
and  can  no  loueer  be  recognised.  These  larger  masses 
have  a  sharji  black  irregular  outline,  and  as  the  calcifica- 
tion laecomes  complete,  acquire  a,  homogeneous,  glistening, 
semi-transparent  appearance.    The  cells  themselves  are 
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much  less  frequently  iiililtratecl,  being  usually  merely 
enclosed  and  obscured  by  the  calcified  intercellular  sub- 
stance. Calcareous  particles  may,  however,  make  their 
appearance  in  the  protoplasm,  and,  gradually  increasing, 
convert  the  cell  into  a  homogeneous  calcareous  body. 

The  calcareous  matters  cousist,  for  the  most  part,  of 
lime  and  magnesian  salts,  especiallj^  the  phosphates  and 
carbonates.  If  the  latter  are  present,  the  addition  of  a 
little  dilute  hydrochloric  acid  is  followed  by  the  appear- 
ance of  numerous  minute  air  bubbles  in  the  tissue,  owing 
to  the  liberation  of  carbonic  acid.  In  those  cases  in  which 
calcification  is  associated  with  retained  gland  secretions,  the 
calcareous  matters  will  consist  of  the  specific  gland  salts. 

A  part  which  has  become  calcified  undergoes  no 
further  change ;  its  vitality  is  completely  destroyed,  and 
it  remains  as  an  inert  mass.  In  this  respect  calcareous 
differs  from  fatty  degeneration.  In  the  latter,  subsequent 
changes  invariably  take  place  ;  the  part  either  softening, 
caseating,  or  becoming  the  seat  of  calcification  itself.  It 
differs  also  in  its  elFect  upon  the  tissue.  The  structure 
of  the  afEected  part  is  not  destroyed,  and  there  is  no 
annihilation  of  histological  elements,  such  as  occurs  in 
fatty  degeneration.  The  tissue  is  simply  impregnated 
with  calcareous  matters,  which  have  no  other  eflcct  upon 
it  than  to  render  it  inert ;  its  vitality  is  destroyed,  but  its 
structure — in  so  far  as  the  calcification  is  concerned — 
remains  unaltered.  If  the  saline  matters  are  dissolved 
out  with  a  little  dilute  mineral  acid,  the  structure  of  the 
part  may  be  again  recognised,  unless,  indeed — as  is  so  often 
the  case — it  has  been  destroyed  by  any  antecedent  change. 

Calcification  must  thus  be  looked  upon  in  many  cases 
as  a  salutary  lesion,  the  im[)rcgnation  with  calcareous 
matters  preventing  sid)seqnont  changes  in  the  part.  This 
IS  especially  the  case  when  it  is  scconda,ry  to  other  forms 
of  degeneration.  It  is  ol'tdii  the  most  l'a,v()ura.bi()  termi- 
nation of  tlie  large  class  oT  ra,tty  changes,  a,s  is  oxcjnijili- 
fied  by  the  calcilic;it.ion  of  caseous  products  in  the  lungs, 
and  of  many  new  rorinations.   It  nuiy,  on.  the  other  hand, 
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under  certain  circnmstances,  be  attended  with  most  dele- 
terious consequences,  as  is  tlie  case  when  it  affects  the 
arterial  system. 

CALCiriCATIOX  OF  ARTERIES. 

Calcification  of  arteries,  like  fatty  degeneration,  may 
be  a  fvimary  or  secondary  affection.  As  a  secondary 
change  it  constitutes  one  of  the  terminations  of  the  athe- 
romatous process,  and  as  such  is  constantly  met  with  in 
the  aorta  and  its  branches,  and  in  many  other  situations- 
(See  "Atheroma.") 

Primary  calcification  is  essentially  a  senile  change,  and 
is  the  result  of  that  impairment  of  the  nutrition  of  the 
arteries  which  exists  in  advanced  life.  It  is  associated 
with  atrophy  of  the  arterial  tissues,  and  in  some  cases 
with  fatty  degeneration.  The  change  is  a  more  or  less 
general  one,  and  when  occurring  in  one  part  is  met  with 
in  others.  It  usually  occurs  in  vessels  of  medium  size, 
the  arteries  of  the  up2:>er  and  lower  extreiuities  and  of  the 
brain  being  those  most  commonly  aft'ected.  Its  most 
common  seat  is  the  middle  coat,  where  it  commences  in 
the  muscular-fibre  cells.  The  calcareous  particles,  which 
are  deposited  from  the  vasa  vasorum,  make  their  ajipear- 
ance  at  first  around  and  within  the  nucleus,  and  gradually 
increase  until  they  fill  the  cell,  w^hich  becomes  converted 
into  a  small  calcareous  flake.  The  process  may  go  on 
until  the  muscular  coat  is  completely  calcified,  or  it  may 
be  limited  to  isolated  portions  of  the  coat,  giving  rise  to 
numerous  calcareous  rings  and  jjlates  which  are  irregu- 
larly distributed  throughout  it.  From  the  muscular  it 
may  extCTid  to  the  external  and  internal  coats,  until 
ultiniately  the  vessel  becomes  calcified  throughout. 

The  vessel  tlius  calcified  loses  its  elasticity  and  con- 
tractility; its  lumcu  is  diminished,  and  it  is  transformed 
into  a  hard,  rigid,  brittle  tube.  This  condition  is  common 
in  the  external  iliac  and  in  the  vessels  of  the  lower  ex- 
tremity, where  it  is  a  frequent  cause  of  senile  gangrene. 
(Sec  "  Senile  Gangrene.'') 


CHAPTER  IX. 


PIGMENTAEY  DEGENEEATION. 

rirniEXTAiiY  Degeneration,  or  Pigmentation,  consists  in 
an  abnormal  formation  of  pigment  in  the  tissues.  All 
trne  pigments  are  derived  from  the  colonring  matter  of 
the  blood.  Physiologically,  many  of  them  are  eliminated 
by  the  kidneys  and  liver ;  others  are  deposited  in  the 
tissues  and  there  remain  permanent.  The  choroid  coat 
of  the  eye  and  the  skin  of  the  negro  are  well  known 
e.^amples  of  tissues  in  which  there  is  this  permanent 
accumulation  of  pjigment.  The  cells  in  these  situations 
appear  to  be  endued  with  a  spiecial  power  to  abstract  the 
colounng  matters  from  the  blood,  and  to  store  them  up 
m  their  interior,  where  they  undergo  certain  chemical 
changes  and  become  converted  into  pigment. 

In  the  pathological  pjroccss,  also,  the  pngment  is  derived  ' 
from  the  same  source,  although  its  presence  in  the  tissues 
la  rarely  dependent  upon  any  abnormal  secreting  powers 
m  their  cellular  elements,  but  ia  usually  the  result  of 
certam  changes  in  the  circulation  or  in  the  blood-vessels, 
owing  to  which  the  colouring  matter  of  the  Ijlood  escapes 
and  infiltrates  the  sui-rtninding  parts.  This  escapjc  of 
hjemoglobiu  may  be  owing  to  rupture  of  the  vessels 
themselves,  or  to  conditioiis  of  cong(!stion_  or  sta,siH  iu 
which  the  blood-corpuscles  a,nd  lirpior  sanguinis  pass 
through  tlieir  vviills.  in  eitlier  cfiso  the  liiumoglobin  will 
permeate  the  tissues  ;i,rid  ultimately  bo  converted  into 
pigment.    Jiupture  of  the  vessels  and  the  direct  extrava- 
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sation  of  blood,  is,  however,  the  most  common  antecedent 
of  the  pigmentary  change.  Soon  after  the  extravasation 
has  taken  place,  the  hasmoglobin  escapes  from  the  red 
blood-corpuscles,  either  by  exudation  or  by  destruction 
of  the  corpuscle,  and,  mixed  with  the  liquor  sanguinis, 
infiltrates  the  surrounding  tissues.  In  other  cases  the 
process  takes  place  without  any  solution  of  continuity  in 
the  walls  of  the  vessel.  This  frequently  occurs  in  con- 
ditions of  inflammatory  stasis  and  mechanical  congestion, 
in  which  the  red  corpuscles  pass  through  the  walls  of  the 
capillaries,  and  some  of  the  hasmoglobin  is  also  hberated 
from  the  corpuscles  within  the  vessels,  from  which  it 
transudes,  dissolved  in  the  liquor  sanguinis,  without 
rupture  having  taken  place.  In  whichever  of  these  ways 
the  haemoglobin  is  derived,  ifc  infiltrates  the  tissues, 
staining  both  the  cells  and  the  intercellular  substance  a 
yellowish  or  brownish-red  colour.  It  is  taken  up,  however, 
more  readily  by  the  cells  than  by  the  intercellular  sub- 
stance or  by  membranous  or  fibrous  structures.  In 
addition  to  this  formation  of  pigment  from  dissolved 
ho3moglobin,  the  red  corpuscles  themselves  may  penetrate 
the  adjacent  cells  and  there  become  converted  into  pigment. 
Some  of  the  corpuscles  also,  after  their  escape  from  the 
vessels,  may  shrivel  up  and  become  pigment  granules.  It 
is  probable  that  in  some  cases  these  changes  and  the 
subsequent  formation  of  pigment  may  take  place  withia 
the  vessels. 

After  the  ha3moglobiu  has  remained  in  the  tissue  for 
some  length  of  time,  it  undergoes  certain  changes : — It 
becomes  darker  and  more  or  less  granular,  minute  red- 
dish-brown or  black  granules  and  crystals  make  their 
appearance  both  in  the  cells  and  in  the  intercellular  sub- 
stance, and  these  may  gradually  increase  and  form  larger 
masses.  This  change  in  the  haemoglobin  is  a  chemical 
one,  and  the  substance  into  which  it  is  converted  is 
licmiatoidin.  Ha3matoidin  appears  to  be  closely  allied 
to  the  colouring  matter  of  the  bile,  cholepyrrhin,  which 
is  also  a  derivative  of  hasmoglobin.    It  exhibits  similar 
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■reactions  when  treated  witli  concentrated  mineral  acids, 
.displaying  the  same  variations  of  green,  blue,  rose,  and 
yellow  coloi^rs.  It  is  insoluble  in  water,  alcohol,  ether, 
.and  in  dilute  mineral  acids  and  alkalies  ;  it  is  soluble  in 
the  caustic  alkalies,  giving  a  red  colour.  It  contains  more 
icarbon  than  haamoglobiu  ;  aud  it  also  contains  iron. 

The  granules  of  hajmatoidin  vary  in  size  from  the 
smallest  particles  to  masses  as  large  as  a  red  blood-cor- 
puscle. (Fig.  24.)  The  larger  ones  are  round,  or  more 
commonly  irregular  in  shape,  and  have  a  sharp  defined 
■border.  Their  colour  varies  from  yellow,  red,  and  brown, 
■to  black.  These  variations  appear  to  depend  upon  the 
.age  of  the  granules  and  the  tissue  in  which  they  are 
■formed;   the  older  they  are  the  blacker  they  become. 

Fig.  2-1,  Fig.  25. 


Cdl.^  fo)ilniiiiiiri  ]ii<)iii(  iil.  JIaDinldiiliii  cri/stals. 

From  ;i.  iiii-lariulii'  .•^arcoiiiii,  (Vii'cliow.j 
of  tliij  li  V(;i-.     X  3;j0 

The  smaller  granules  are  usually  dull  and  opaque ;  the 
larger  ones,  however,  often  present  a  more  or  less  glisten- 
ing appearance.  The  crystals  of  Inumatoidin  are  opaque 
rhombic  prisms,  usually  of  a  beautiful  yellowish-red  or 
rnby-red  colour,  sometimes  approaching  to  brown  or 
black.  They  may  also  occur  as  little  plates  and  fine 
needles,  but  these  are  less  comtnoii.  forms.  (Fig.  25.)  They 
are  in  most  cases  so  small  that  considerable  care  is  re- 
quired to  recognise  their  cryst;i,llitic  nalure  under  the 
microscope,  and  they  may  easily  be  overlooked  as  merely 
irregular  granular  masses,    la  some  cases,  liowever,  they 
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attain  a  larger  size.  They  are  more  or  less  transparent, 
and  present  a  stining,  strongly  refracting  surface. 

Whether  the  hasmoglobin  is  converted  into  granular  or 
crystalline  hajmatoidin  appears  partly  to  depend  upon 
the  tissue  in  which  it  is  situated,  the  crystals  being  ex- 
ceedingly common  in  some  situations,  as  in  the  brain  and 
ovaries,  whereas  in  others,  as  mucous  membranes,  only 
the  granules  are  met  with.  Both  the  granules  and 
crystals  are  characterised  by  their  durability  and  by  their 
great  powers  of  resistance ;  when  once  formed  they 
undergo  no  further  change. 

Those  forms  of  pigment — lioth  granuhxr  and  crystal- 
line— which  are  of  an  intensely  black  colour,  have  been 
supposed  to  consist  of  a  substance  which  differs  in  che- 
mical composition  from  haamatoidiu,  and  which  lias  been 
called  melanin.  There  a])pears,  however,  to  be  no  foun- 
dation for  such  a  distinction.  Melanin  is  probablj-  merely 
hajmatoidin  which  has  become  more  or  less  altered  by 
age.  It  is  endued  with  greater  powers  of  resistance, 
being  less  readily  soluble  in  reagents  than  the  more 
recently  formed  hasmatoidin,  and  it  contains  more 
carbon. 

Pigmentation,  althoiigh  one  of  the  most  common  forms 
of  degeneration,  is  of  comparativel}^  little  importance  as  a 
morbid  process.  The  mere  existence  of  pigment  within 
and  between  the  histological  elements  of  the  tissues,  has 
in  itself  but  little  influence  upon  their  vitality  and  func- 
tions. The  atrophy  and  impairment  of  function  which  so 
frequently  accompany  it,  must  rather  be  looked  upon  as 
the  result  of  those  conditions  upon  which  the  formation  of 
the  pigment  depends,  than  as  in  any  way  owing  to  the 
presence  of  the  pigment  itself. 

As  evidence  of  other  antecedent  conditions,  pigmcnta-  ■ 
tion  assumes  a  more  important  aspect.  The  pigment  being  ; 
derived  from  extravasated  haemoglobin,  in  wlintever  situa- 
tions it  occurs,  it  is  usually  to  be  looked  upon  as  the  result 
of  some  alteration  in  the  eircnhition  or  in  the  blood-vessels, 
owing  to  which  the  escape  of  the  colouring  matter  is  per- 
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mitted  Exceptions  to  this  exist,  however,  in  the  case  of 
certain  pigmented  new  formations,  in  which  the  presence 
of  the  pigment  appears  to  be  mainly  owing  to  the  selective 
power  of  the  cells ;  these,  like  those  of  the  choroid,  sepa- 
rating the  colouring  matter  from  the  blond.  It  is  those 
growths  which  originate  iu  tissues  normally  containing 
pigment,  as  the  choroid  and  rete  mueosnm,  which  are 
most  frequently  melanotic.  (See  "Melanotic  Sarcoma.") 
In  Melanajmia,  again,  the  large  quantities  of  pigment 
which  exist  in  the  blood,  are  probably  the  result  of  a  local 
formation— for  the  most  part  by  the  spleen.  Lastly,  in 
■Milison's  disease,  the  pathology  of  the  pigmentation  of 
the  skin  is  at  present  involved  iu  obscurity. 

Pigment  is  often  the  only  evidence  of  a  former  ex- 
travasation.    This  is  frequently  the  case  iu  cerebral 
hajmorrhage,  where  the  crystals  of  ha-matoidin  may  be 
all  that  remains  to  indicate  that  rupture  of  the  capillaries 
has  taken  place.    In  the  ovaries,  also,  the  slight  hasmor- 
rhagc  which  follows  the  escape  of  the  ovum  at  each  men- 
strual period,  is  marked  by  the  formation  of  pigment 
which  constitutes  the  "corpus  luteum."    In  mechanical 
congestion  and  inliammation,  again,  the  consequent  pio-. 
mentation  may  be  the  principal  evidence  of  the  former 
existence  of  these  conditions  :  this  is  especially  seen  in 
pigmentation  of  the  mucous  membrane  of  the  stomach 
and  intestines.     The  formation  of  pigment  is  thus,  with 
the  few  exceptions  above  named,  the  result  of  some'ante- 
cedont  change  in  the  blood-vessels  or  circulation  ;  and  its 
presence  in  the  tissues  appears  to  be  little  more  than  a 
testimony  to  the  existence  of  those  )jroccsses  upon  which 
■  its  formation  depemls. 

Falsi.;  I'k^mkn-tatio.v.— There  are  certain  forms  of  dis- 
coloration of  the  tissues  whicti  are  not  due  to  the  [iresence 
of  ha)ma.toiilin  :  these  must  be  distingnislied  from  true 
pigmentation.  The  most  important  of  them,  and  that 
which  is  most  closely  allied  to  the  process  a^lready 
scrib(;d,  is  the  staining  of  the  tissues  with  the  col.nirin.r 
matter  of  the  bile,  which  is  itself  a  derivative  of  luuiuu'"- 
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globin,  and  is,  as  before  stated,  very  analogous  to  ha;ma- 
toidin.    Tliis  yellow  staining  may  affect  nearly  all  the 
tissues,  constitutiug  "jaundice;"  or  it  may  occur  in  the 
liver  alone,  from  local  obstructions  to  the  small  bile-ducts, 
as  is  often  seen  in  cirrhosis  of  tliat  organ.    In  these  cases, 
however,  there  is  merely  the  staining  of  the  tissues  with 
the  colouring  matter  of  the  bile  and  no  subsequent  con- 
version of  this  pigment.  i 
The  discoloration  caused  by  the  long-continued  use  ; 
of  the  salts  of  silver  must  also  be  distinguished  from 
pigmentation :  the  colour  here  is  due  to  the  deposition  of  ' 
the  silver  in  the  tissues.    The  black  colour  of  gangrenous 
parts,  and  that  sometimes  produced  by  the  effusion  of 
large  quantities  of  blood  iuto  the  tissues,  must  again  not  . 
be  confounded  with  pigmentation.    The  discoloration  in 
these  cases  is  the  result  of  the  action  of  the  sulphuretted  . 
hydrogen  upon  the  colouring  matter  of  the  blood.    The  '■ 
greenish-black  discoloration  so  often  seen  on  the  surface  • 
of  the  liver,  kidneys,  and  other  abdominal  organs  after  • 
death,  is  in  the  same  manner  due  to  the  intestinal  gases. . 
Lastly,  the  minute  particles  of  inhaled  carbon  which  are  • 
always  met  with  in  the  lungs,  must  be  distinguished  from 
true  pigment. 

PIGMENTATION  OF  TUE  LUNGS. 

In  no  organs  is  pigment  met  with  so  frequently  and  in.i 
such  large  quantities  as  in  the  lungs,  and  here  much  dis-  • 
cussion  has  arisen  as  to  its  nature  and  origin.  The  lungs  i 
normally  contain  more  or  less  black  pigment,  the  amount : 
of  which  gradually  increases  with  advancing  age— the  ! 
lungs  of  infants  and  young  children  being  almost  free  ; 
from  it,  whereas  those  of  adults  invariably  contain  it  in  i 
considerable  quantities. 

This  normal  pigmentation  of  the  lungs  is  principally  • 
due  to  the  presence  of  carbon,  and  not  to  that  of  true 
ha3raatoidin-pigmeut.  The  carbon— which  is  derived  from  J 
the  incomplete  combustion  of  wood,  coal,  and  other  sub- 
stances, and  is  always  present  in  varying  quantities  in 
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■  atmosplicrc— is  inhaled,  and  the  minute  particles  pass 

the  finest  bronchial  tubes.     Having  entered  the 

■  nchi,  many  of  them  are  taken  up  by  the  mucus- 
c-r]>uscles,  where  they  may  be  seen  as  small  black  gra- 
nules within  the  cells.  These  may  readily  be  observed 
111  the  cells  of  the  greyist-black  sputum  which  is  so  fre- 
quently expectorated  in  the  early  morning.  Much  of 
the  carbon  thus  inhaled  is  eliminated  by  expectoration ; 
many  of  the  particles,  however,  pass  into  the  air-vesiclesi 
and  here  their  removal  by  this  means  being  less  readily 

Fig.  2C. 


nirnnunrum  of  thr  Lnm,.     Fro,,,  a  wo„,a„,       sixty-livr.  will, 
-"i.ii  ^v,,ll^,  a, 111  a,-(Miiid  tho  bldod-ves.scd  v.    x  7.0. 

effected,  they  gradually  penetrate  the  pulmonary  sub- 
^^■^nce  an.l  nK,kc  their  way  into  the  alveolar  walls  and 
'I'ferlolmh,,,-  tissue.  It  is  in  these  situations  that  most  of 
pulmonary  |,igment  is  found,  and  there  it  may  bo 
■"■n  cither  within  the  connective  tissue-cells,  or  lyin.r  free 
I'liongst  the  fibres.  (Fig. 

The  n,e.,ns  l,y  whid, "the  particles  of  ca.-l,.,,,  ],enetrate' 
'"^  walls  of  the  air-vesicles,  and  luake  i\nnv  way  iuto  the 
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inter-alveolar  tissue,  has  recently  been  explained  by  tbe 
researches  of  Dr.  Klein  on  the  histology  of  the  lungs.* 
Dr.  Klein  finds  that  the  branched  connective-tissue  cells 
of  the  alveolar  walls  send  a  process,  or  a  greater  or  less 
portion  of  their  body,  between  the  epithelial  cells  of  the 
alveolus  into  the  alveolar  cavity.  As  these  connective- 
tissue  cells  lie  in  the  serous  canals,  which  constitute  the 
commencement  of  the  perivascular  lymphatics,  it  is  easy 
to  understand  how  these  openings  in  the  alveolar  walls 
(pseudostomata)  may  become  sufficiently  distended  to 
allow  cells  and  other  substances  to  pass  through  them 
from  the  alveolar  cavity  into  the  inter-alveolar  tissue. 
When  once  the  carbon  has  made  its  way  into  the  inter- 
lobular tissue,  some  of  it  is  taken  up  by  the  fixed  cells  in 
this  situation,  whilst  that  which  is  not  thus  detained 
passes  on  to  the  lymphatics,  and  is  deposited  in  the 
bronchial  lymphatic  glands,  where  the  black  particles  are 
also  visible. 

Closely  allied  to  this  physiological  pigmentation  of  the 
lung  from  the  inhalation  of  carbon,  are  those  morbid  con- 
ditions which  result  from  the  inhalation  of  particles  of 
coal,  stone,  iron,  and  other  substances,— of  which  the 
lungs  of  miners,  stonemasons,  and  grinders  afford  fre- 
ciuent  examples.    Here  also  minute  particles  enter  the 
bronchi,  penetrate  the  walls  of  the  alveoli,  and  are  de- 
posited principally  in  the  interstitial  tissue.    In  the: 
case  of  miners— in  which  this  is  most  common— the  par- 
ticles of  coal  enter  the  lungs  in  such  large  quantities  as 
to  give  to  them  a  uniform  dark  black  colour.    In  stone- 
masons, grinders,  &c.,  the  lungs  also  become  deeply' 
pigmented,  although  to  a  less  extent  than  those  of. 
miners. 

The  black  colour  of  the  luugs  in  these  cases,  however,  is 
not  entirely  due  to  the  presence  of  the  inhaled  substances,^ 
but  partly  to  that  of  true  hicmatoidin-pigmont.  The 

*  "  On  the  AiKit:Oinv  of  Lymphatic  System  ot  tho_T,iiugs.- by 
Dr.  E  Klein.    Procfi-<li>i(/s  Jloynl  Societu,  '!^o.  119.  ISii. 
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inhalatiou  of  the  irritating  jjarticles  setsiip  inflammatory 
changes  in  the  bronchi  and  puhnonary  tissne,  causing 
chronic  bronchitis,  chronic  catarrhal  pnenmonia,  and  a 
large  increase  in  the  fibrous  tissue  of  the  lungs,  which 
:  thus  ultimately  become  consolidated,  excavated,  tough,  and 
fibrous  ("Colliers"  and  "Knife-grinders'  Phthisis,"  &c.) 
Owing  to  these  structural  changes  there  is  a  considerable 
^escape  of  colouring  matter,  either  from  rupture  of  the 
;capillaries  or  transudation  of  serum,  and  hence  a  large 
formation  of  true  pigment;    and  to  this  true  pigment 
;mnch  of  the  dark  colour  of  these  lungs  must  undoubtedly 
>be  ascribed.    The  lungs  of  stonemasons  and  grinders  are, 
like  those  of  miners,  deeply  pigmented,  although  to  a  less 
'degree ;  but  the  black  colour  in  the  former  cases  cannot 
■be  entirely  accounted  for  on  the  supposition  that  it  is  due 
.to  the  presence  of  inhaled  particles. 

Fig.  27. 


C'c/As'  from  the  .ijnidini.  of  /irii/c  Jlronrlii/h.  Sliowill"' 
the  iiiirmto  graiiulc.K  of  piKiiicut  witljiii  Iho  cell:?. 
oomo  of  tlio  colls  also  contaiu  a  few  fatty  mole- 
cules.   X  400.  •' 

Pigmentation  of  the  lungs  from  the  iirescnce  of  hajma- 
occur.s  as  the  result  of  laany  other  morbid  condi- 
f'"ns,  many  diseases  of  these  organs  l)ciiig  attended  by 
'"^  formation  of  pigment.  In  clironic  phthisis,  i:)igmcn- 
■'''on  occurs,  partly  as  the  roBitlt  of  the  in (lanuiiatory 
"■"ccss,  and  partly  hum  the  obstruction  of  tlic  vcssois 
'^"med  by  tiio  new  growth  :— linos  of  pigment  arc  con- 
'•uitly  seen  snrrouiuling  the  nodules  of  consolidation. 
"  acute  croupous  pneumonia,  the  blood  which  is  e.xtra- 
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vasated  into  the  air-vesicles,  and  wliicli  in  the  early  stages 
gives  to  the  expectoration  a  rusty  or  prune-juice  colour, 
subsequently  becomes  converted  into  pigment,  and  the 
sputum  becomes  of  a  greyish-black  ;  the  pigment  granules 
being  visible  in  the  newly-formed  cells.  The  cells  met 
with°in  the  sputum  of  bronchitis  also  contain  granules  of 
pigment  (Fig.  27) ;  and  pigmentation  plays  an  important 
part  in  the  condition  of  the  lungs  known  as  brown  indu- 
ration.   (See  "  Brown  Induration  of  the  Lungs.") 

Pigment  in  the  luug  usually  occurs  as  black  irregular 
granules  ;  it  is  rarely  met  with  in  a  crystalline  form.  In 
all  cases  in  which  it  is  found  in  any  quantity  in  the  lung 
it  is  also  found  in  the  bronchial  glands.  It  is  taken  up 
by  the  lymphatics  and,  like  the  inhaled  carbon,  it  becomes 
arrested  in  its  passage  through  these  glands,  where  it 
remains  permanently. 


CHAPTER  X. 


j  TISSUE-CHANGES  IN  PYREXIA. 

IS  proposed  in  the  present  chapter  to  allude  very 
jyiti&y  to  those  alterations  in  the  tissues  which  are  met 
snth^  in  certain  pyrexial  diseases,  to  which  have  been 
ipphed  the  term  "  parenchymatous  "  or  "  grannlar  dege- 
leration,"  "  albuminous  infiltration,"  "  acute,"  or  "  cloudy 
nvelling." 

It  IS  well  known  that  in  most  diseases  which  are  accom- 
:)anied  hj  a  considerable  elevation  of  the  bodily  tempe- 
rature, and  especially  in  those  in  which  the  blood  has 
undergone  marked  changes,  the  organs  and  tissues  are 
"'•nd  mnch  altered  after  death.  The  diseases  in  which 
'  "-li  alterations  are  most  frequently  met  with  are  pyoDmia, 
M-ysipelas  typhus,  typhoid,  and  other  acute  specific 
•  v.rs,  and  acute  rheumatism.  They  also  occur  in  other 
-'^''.sos  which  are  attended  by  considerable  pyrexia,  but 
1-y  are  most  marked  in  the  specific  fevers,  and  appear 
■.;lepend  more  upon  the  alteration  of  the  blood  in  tlese 

n. n  ri?ul  '''t.  °f  ''-^'ly 

'inperature.      I  lie    organs    n    which   +l,n  .u 

'nucipally  occur  are  tlic^  liver,  the  k  inev    f  1 

nuscles,  and  the  lun<r.        '  ^"^.'^'''"cys,  the  heart  and 

uuwovbr,  DO  .stated  (roner.nllv  fi.„+  j.i 
'>"reor  ]e.ss  svvoUemnd  ^'^'''^        "i'ff="iH  are 

avvoucn  and  opaque,  somewhat  diminished  in 
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consistence,  and  abnormally  friable.  Their  vascularity  is 
in  some  cases  diminished,  in  others  slightly  increased. 
When  examined  microscopically,  the  cellnlar  elements 
are  found  to  be  increased  in  size,  and  their  protoplasm 
is  markedly  granular,  so  that,  in  some  cases,  the  nucleus 
is  so  much  obscured  as  to  be  indistinguishable.  (Fig.  28.) 
The  granular  condition  of  the  protoplasm  appears  in  most 

Fig.  28. 


Liver  from  a  case  of  Aoite  JUieumatism  with 
higli  Temperature.  Showing  the  swollen  and 
granular  couditiou  of  the  liver-cells.  Ju  many 
of  the  cells  the  nucleus  is  so  much  obscured 
as  to  be  almost  indistinguishable,    x  2UU. 

cases  to  be  due  to  albuminous  particles,  inasmuch  as  it  dis- 
appears upon  the  addition  of  dilute  acetic  acid.  In  other 
cases,  however,  in  which  the  change  is  apparently  more 
advanced,  many  of  the  granules  are  larger,  insoluble 
in  acetic  acid,  but  soluble  in  ether,  and  obviously  fatty. 

Tlic  Lryer.— Here  the  change  is  usually  met  with  in  its' 
most  marked  degree.  The  organ  is  sHghtly  enlarged, 
abnormally  soft  and  friable,  and  the  cut  surface  has  a 
didl  opaque  look,  being  paler  than  natural.  The  hver 
cells  are  swollen  and  granular,  aud  in  many  cases  contain 
fatty  particles.    (See  Fig.  28.) 

The  Kldnctit^.—ln  the  kidneys  the  change  affects  espe- 
cially the  cortex.  This  is  swollen,  opaque,  and  friable. 
'I'hc  Malpighiau  bodies  and  the  pyramids  are  usually 
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ilmorniallj  vascular,  and  thus  contrast  with  the  pale 
•'  irtex.  The  epithehum  iu  the  tubes  of  the  cortex  pjre- 
•'.?ntti  the  appearances  above  described.  These  are  pre- 
isely  simihir  to  those  met  with  iu  the  earlier  stages  of 
-ubal  nephritis. 

The  Ileaii. — The  alteration  produced  in  the  heart  con- 
^ists  in  slight  opacity,  pallor,  and  diminution  iu  the  cou- 
-istence  of  the  muscular  tissue.  Under  the  microscope 
;lie  muscular  fibres  are  seeu  to  have  lost  their  distinct 
^U-iation  and  to  be  finely  granular.    (Fig.  29.)    Such  a 


Fig.  29. 


Aniso/lrir  Tissue  of  the  Heart,  from  a  cme  of 
severe  Ti/plioii/  Fcrcr.  SUowins  Mii;  gr.aimlar 
'•oDflitiou  uf  tlio  fibn-s  :iud  tliu  loss  of  tbi'ir 
striM,tion.     x  lOU. 

condition  must  materially  interfere  with  the  contractile 
power  of  the  organ.  A  similar  change  is  met  with  less 
frequently  in  other  muscles. 

Tlw  Jjimijs. — The  change  iu  tlio  lungs  has  been  de- 
scribed by  Buhl  as  consisting  in  swelling  of  the  alveolar 
epithelium.  The  epithelial  elements  are  markedly 
ui'anular  from  the  presence  of  albuminous  and  fatty 
I'^irticles,  and  they  become  loosened  from  the  alveolar 
walls.  The  change  aifects,  more  or  less,  the  wludi'  of 
1m, th  lu  ngs.  The  organs  a,ro  enlarged,  mdematous,  aud 
■'''normally  friable.* 

'I'his  change  occurs  not  only  in  pyrexia,  but  also  in  the 


'  Buhl,  "  Jaingcuuut7Aiii(luijg,  Tuborkuloso,  uiid  Sciiwiuilsuulil," 
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earlier  stages  of  tlie  process  of  inflammation.  Here  also 
a  swollen  and  granular  condition  of  the  protoplasm  is 
met  witli,  especially  in  epithelial  and  endothelial  elements. 
It  is  to  this  that  Virehow  gave  the  name  of  "  cloudy 
swelling."    (See  cliapter  on  "  Inflammation.") 

Respecting  tlie  nature  of  the  change — nothing  is  cer- 
tainly known.  Dr.  Wickham  Legg  produced  it  arti- 
ficially in  animals  by  submitting  them  to  a  high  tem- 
perature, and  he,  in  common  with  some  other  pathologists, 
is  inclined  to  look  upon  it  simply  as  a  result  of  the  high 
temperature.  The  probability  that  it  is  due  rather  to 
specific  alterations  of  the  blood  has  been  ah-eady  alluded 
to.  An  exact  knowledge  of  its  pathology,  however,  must 
await  further  experimental  investigation.  In  the  mean- 
time, when  it  is  borne  in  mind  that  the  conditions  in 
which  it  occurs  are  attended  by  alterations  in  the  blood 
and  in  the  nutritive  processes,  and  that  in  advanced 
degrees  of  the  change  it  is  accompanied  by  more  or  less 
fatty  metamorphosis,  it  may  be  regarded  as  j^robable  that 
its  occurrence  will  be  found  to  be  due  partly  to  interference 
with  the  normal  processes  of  tissue-oxidation,  and  partly 
to  increased  transformation  of  the  protoijlasm  of  the  cells. 
(See  "  General  Pathology  of  Fatty  Degeneration.'") 

"Whatever  be  the  nature  of  the  change,  there  can  be  no 
doubt  that  it  must  very  materially  interfere  with  func- 
tion, and  that  its  occurrence  in  the  course  of  acute  dis- 
ease, especially  when  affecting  the  heart,  must  constitute 
a  most  important  source  of  danger.  Although  it  may 
lead  to  more  or  less  fatty  degeneration,  it  tends,  if  death 
does  not  supervene,  to  terminate  in  perfect  health. 
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NUTRITION  INCREASED, 

The  morbid  processes  thus  far  described  bave  been  at- 
tended either  by  arrest  or  by  impainnent  of  nutrition ; — 
those  remain  to  be  considered  in  which  the  nutritive 
activity  is  increased.  They  include  the  Regenerations, 
Hypertrophy,  a.nd  the  Tumours. 

In  considering  these  results  of  increased  nutritive 
activity,  it  must  be  borne  in  mind  that  physiologically 
the  formative  power  of  different  tissues  varies  greatly. 
During  the  period  of  development  all  the  tissues  increase, 
but  when  this  period  is  completed,  their  activity  is,  for 
the  most  part,  limited  to  merely  maintaining  themselves. 
In  some  tissues  the  power  of  reproduction  is  completely 
lost  after  the  natural  period  of  growth  is  past.    Such  is 
the  case,  for  example,  with  the  nervous  centres,  which 
when  destroyed  are  never  regenerated.    In  most  tissues, 
however,  this  formative  power  is  capable  under  certain 
conditions  of  again  manifesting  itself.     There  are  two 
important  causes  of  this  re-manifestation.     One  is  the 
destruction  or  loss  of  portions  of  tissue  from  injury  or 
disease.     This,  in  most  structures,  causes  a  formative 
activity  iu  the  ceUular  elements,  and  thus  leads  to  the 
rer/eneratlon  of  the  lost  part. 

The  other,  and  most  important,  cause  of  a  renewal  of 
repi-oductive  activity  after  the  completion  ol'  the  period 
of  growth  is  an  increased  supply  of  nutritive  material. 
Such  increased  supply,  however,  can  never  lead  to  new 
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growth  in  tissues  whicli,  like  nerve-tissue,  are  incqjable 
of  again  exhibiting  their  reproductive  power.  The  in- 
creased supply  may  be  due  to  sinijDle  active  or  to  intlam- 
matory  hyperasmia. 

Simple  active  hyperasmia  of  a  tissue,  and  consequent 
new  growth,  is  most  frequently  the  result  of  increased 
functional  activity.  Muscular  tissue,  for  example, 
which  does  more  work,  increases  in  amount.  The 
nervous  influence  which  causes  the  increased  activity  of 
the  miiscle  causes  at  the  same  time  active  hyperasmia, 
and  thus  follows  new  growth.  This  is  seen  in  the  hyper- 
trophy of  the  muscles  of  the  calf  in  ballet  dancers  ;  also 
in  the  hypertrophy  of  a  hollow  viscus  from  obstruction  to 
the  exit  of  its  contents — as  of  tlie  heart  from  obstruction 
at  the  valvular  orifices  or  in  the  course  of  the  circulation, 
of  the  muscular  coat  of  the  stomach  in  stricture  of  the 
pylorus,  of  the  intestine  above  a  permanent  stricture,  and 
of  the  bladder  in  stricture  of  the  urethra.  Glandular 
organs  in  the  same  way  become  hypertrophied  when, 
owing  to  the  loss  or  incapacity  of  their  fellows,  one  gland 
has  to  do  the  work  of  two.  This  is  exemplified  by  the 
hypertrophy  of  one  kidney  when  the  other  is  destroyed 
by  disease.  Much  less  frequently  the  active  hyper- 
asmia  which  leads  to  the  new  growth  is  due  to  other 
causes.  The  hypertrophy  of  the  spleen  in  malarial  dis- 
eases is  probably  due  to  an  active  hyperemia  of  the  organ 
caused  by  the  malarial  poison;  and  that  of  the  thyroid 
gland  m  Graves'  disease,  to  hypeni^mia  due  to  vaso-motor 
paralysis.  (See  "  Active  Hyperasmia.")  In  all  cases  the 
hypera3mia  must  be  of  long  duration  in  order  to  lead  to 
new  growth. 

The  new  growth  which  results  from  inflammatory 
hyperiBmia  will  be  considered  in  the  chapters  on  inflam- 
mation. Inflammatory  growths  differ  from  non-inflam- 
matory ones  in  being  caused  by  some  hijunj,  upon  the 
removal  of  which  the  process  of  growth  usually  ceases.  As 
examples  of  growths  which  must  be  regarded  as  occuj^ying 
a  kind  of  border-land  between  non-inflammatory  and 
inflammatory  formations,  may  be  mentioned  the  develop- 
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iiient  of  corns  from  pressure,  and  of  warts  and  condylo- 
iiiata  from  the  irritation  of  unhealthy  secretions. 

UYPERTKOniY. 

The  term  "  hypertrojihy  "  is  only  applied  to  that  form  of 
new  growth  in  which  all  the  constituents  of  an  organ  are 
;iiore  or  less  involved,  or  those  constituents,  at  all  events, 
upon  which  the  peculiar  functions  of  the  oi-gan  principally 
depend.    An  hypertrophied  organ  is  one  increased  in 
size  and  functional  power.    Hypertrophy,  therefore,  can 
rarely  result  from  an  inflammatory  process,  because,  as 
will  be  seen  when  speaking  of  inflammation,  this  leads 
mainly  to  an  increase  of  the  connective  tissue  of  organs, 
and,  with  this  exception,  involves  only  epithelial  and 
i  endothelial  elements.     The  commonest  cause  of  hyper- 
trophy is,  as  already  stated,  that  increased  nutritive 
supply  which  results  from  increased  functional  activity, 
j  The  increased  activity  is  usually  induced  by  a  necessity 
I  for  some  increased  work  ;  in  muscle,  for  example,  in  order 
t'l  overcome  some  obstruction,  in  a  secreting  organ — to 
'■rete  more  fluid.    Such  hypertrophies  are  consequently 
^i^ervative  in  their  nature,  and  they  are  often  spoken  of 
functional  hypertrophies. 

The  inci-ease  in  the  amount  of  tissue  which  constitutes 
hypertrophy  may  be  owing  to  an  increase  in  the  size,  or 
to  an  increase  in  the  number,  of  the  histological  elements. 
^Vhen  it  is  owing  simply  to  an  increase  in  the  size  of  the 
f'lements,  it  is  termed  simple  hypertrophy;  when  to  an 
I  ";rease  in  ih.e\v  niunher,  and  to  the  formation  of  anew 
tissue,  nimicrical  hypertrophy,  or  li  ijpcrpliisia.  The  two 
f'jrms  of  hypertrophy  are  thns  corapii.rable  with  the  two 
I'irms  of  atrophy  : — in  simple  hypertrophy  as  in  simple 
atropliy,  there  is  merely  an  alteration  in  the  ;  in 
innncricai— an  alteration  in  the  inu//7/rr  of  the  elements. 
Fu  most  c:i,ses,  however,  hypertrophy  is  n  hyperplastic 
pi-ocess.  In  connective  tissue  and  all  the  connective 
'  HHue  substances  it  is  invariably  numerical ;  Init  in  muscle 
glandular  organs  there  is  usually  an  inor(^a,se  in  the 
i/.e  of  the  elements  as  well  as  an  increase  in  thru-  huiiiIkm'. 
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THE  TUMOUES. 

Tun  tumours  are  new  formations  whicli  in  their  develop- 
ment and  growth  are  characterised  by  their  indepen- 
dence of  the  rest  of  the  body;  they  increase  in  size  by 
virtue  of  their  own  inherent  activity,  which  difl'ers  from, 
and  is,  to  a  great  extent,  independent  of  that  of  the  sur- 
rounding tissues.    Having  attained  a  certain  size,  they  • 
either  remain  permanent,  or,  more  frequently,  tend  con-  ■ 
Unuously  to  increase.    Whatever  be  the  nature  of  the  • 
tumour,  it  is  always  the  direct  product  of  the  elements  of 
a  pre-existiug  tissue.    In  order,  therefore,  to  understand 
the  pathology  of  these  growths,  it  is  necessary  to  be 
intimately  acquainted  with  the  histology  and  mode  of 
development  of  the  normal  tissues. 

Etiology  of  Tujiouks. — As  tumours  are  the  result  of 
the  increased  nutritive  activity  of  the  elements  from 
which  they  originate,  it  will  be  readily  understood  that 
their  causes  must  for  the  most  part  be  obscure,  and  that 
in  ma,ny  cases  all  that  can  be  said  is,  that  the  new  growth 
is  the  result  of  the  spontaneous  activity  of  the  elements 
from  which  it  springs.  Sometimes,  hoAvever,  the  causes  ^ 
are  either  wholly  or  partially  ascertainable.  They  may 
be  divided  into  const  if  aiional  }m'disposin<j,  and  direct 
exciting,  causes. 

Constiintional  Fredisposinq  Causes. — That  many  tu- 
mours owe  their  origin  to  some  constitutional  taint,  has 
loug  beeu  au  universally  accepted  pathological  doctrine. 
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The  constitutional  cause  has  frecxuently  been  regarded  as 
a  genei'al  oue,  as  consisting  either  iu  some  alteration  in 
the  constitution  of  the  blood,  or  in  some  abnormal  condi- 
tion oF  the  physiological  iDrocesses  throughout  the  entire 
organism.  It  was  formerly  sujDposed  that  many  new  for- 
mations were  the  result  of  an  exudation  from  the  blood- 
vessels, and  that  the  elements  of  the  growth  were  produced 
spontaneously  in  the  exuded  structureless  blastema.  Such 
growths  were  looted  upon  as  the  local  expression  of  a 
vitiated  constitution  of  the  blood, — adyscrasia.  Although 
this  hypothesis  is  now  universally  abandoned,  and  all  new 
formations  are  known  to  originate  from  pre-existing 
cellular  elements,  an  alteration  in  the  constitution  of  the 
Ijlood  or  in  the  performance  of  the  physiological  processes 
throughout  the  body,  is  still  regai'ded  by  many  as  playing 
an  important  part  in  their  causation. 

It  is  the  malignant  tumours  which  are  thus  supposed 
to  owe  their  origin  to  the  existence  of  a  general  constitu- 
tional taint-  These  growths  are  said  to  be  of  a  coiistifu- 
tionat  origin,  in  contradistinction  to  the  non-malignant 
growths,  which  are  looked  upon  as  purely  lucal.  This 
hypothesis  is  principally  based  upon  the  clinical  charac- 
teristics of  the  malignant  growths — their  tendency  to  recur 
after  removal,  their  multiplicity,  and  the  ditficulty  or  im- 
possibility of  completely  eradicating  them. 

It  is  said  that  the  development  of  malignant  growths 
is  frequently  preceded  by  an  unhealthy  state  of  the  con- 
ptitntion — a  cachexia.  In  the  majority  of  cases  of  malig- 
nant formation,  however,  there  is  no  evidence  of  any  such 
cachexia  preceding  the  loca,]  growth.  The  individual  is 
visually  in  good  health  at  the  time  of  the  occurrence  of 
the  primary  tumour.  The  general  impairment  of  nutri- 
tion and  emaciation,  wliicli  constitute  tlie  cacliexia,  arc 
sacondarij  to  the  local  growths,  and  a,re  iu  direct  propor- 
tion to  their  extent  and  situation: — the  mon;  extended 
the  h)cal  lesions,  tlie  greater  the  amount  of  discha,rgc;  the 
more  the  lymjihatics  and  the  digestive  organs  are  involved, 
the  more  marked  is  the  attendant  cachexia. 
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The  multiplicity  of  malignant  growths  is  also  adduced 
as  an  argument  in  favour  of  the  existence  of  a  general 
constitutional  taint.  The  fact  that  malignant  growths 
are  frequently  multiple,  constitutes  in  itself  no  ground 
for  such  a  conclusion.  The  multiplicity  is  for  the  most 
part  a  secondary  phenomenon,  the  secondary  tumoui'.s 
resulting  from  infection  by  the  primary  one.  Simple 
j)rimary  multiplicity  is  not  so  characteristic  of  malignant 
as  of  many  other  tumours — the  lijDomata,  filDromata,  and 
osteomata,  are  all  more  often  primarily  multiple  than 
cancer.  Multiplicity  in  many  cases  is  evidence  rather  of 
a  local  than  of  a  general  taint.  Tumours  are  often  mul- 
tiple in  bone,  for  example,  without  occurring  in  other 
tissues.  In  such  cases  there  would  ap]3ear  to  be  a  local 
rather  than  a  general  cause. 

The  recurrence  of  the  malignant  growth  after  removal 
at  the  seat  of  the  operation,  may  again  be  owing  to  the 
removal  having  been  incomplete,  some  of  the  proliferating 
elements  of  the  growth  having  been  left  behind.  The 
cellular  elements  of  malignant  tumours  often  extend  into 
the  adjacent  tissues  for  some  distance  beyond  the  appa- 
rent confines  of  the  tumour,  and  as  the  physical  characters 
of  the  infiltrated  tissues  difEer  in  no  way  from  those  of  the 
healthy,  there  are  no  means  of  certainly  determining  how 
far  -wide  of  the  tumour  the  incision  must  be  carried  in 
order  to  include  the  whole  of  the  afiected  structures.  (See 
"  Malignancy.")  A  tendency  to  local  recurrence  is  a,  pro- 
perty possessed  by  many  growths,  and  it  can  be  explained 
on  local  grounds  without  the  necessity  of  admitting  the 
existence  of  a  general  taint. 

Lastly,  the  fact  that  malignant  growths  are  iisually 
followed  by  the  development  of  similar  growths  in  the  lym- 
phatic glands  and  in  internal  organs,  may  in  most  cases 
be  more  readily  explained — as  will  be  seen  when  speak- 
ing of  "malignancy" — by  regarding  these  as  the  result 
of  infection  by  the  primary  tumour,  than  by  ascribing 
them  to  the  existence  of  a  common  constitutional  cause. 

The  reasons  already  adduced  in  a  preceding  chapter  (see 
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"  Introduction"),  for  considering  all  changes  in  the  con- 
stitution of  the  blood  as  secondary  to  local  causes,  would 
appear  of  themselves  to  be  sufficient  to  render  untenable 
the  hypothesis  of  a  primary  blood  dyscrasia.  Any  ab- 
noimal  condition  of  the  blood  which  may  be  associated 
with  the  development  of  malignant  tumours  must  j^ro- 
bably  be  regarded  as  resulting  either  from  the  absorption 
of  deleterious  substances,  from  the  entrance  into  it  of  the 
■■  elements  of  the  growth,  from  the  drain  of  an  attendant 
■  discharge,    or  from  interference  with   the  processes  of 

•  digestion,  assimilation,  or  secretion,  or  with  the  formation 
i  of  the  blood  itself.  At  the  same  time  it  must  be  borne  in 
1  mmd,  when  discussing  the  possibility  of  the  development 

•  of  malignant  growths  being  the  result  of  a  "blood- 
'  disease,"  that  the  emigration  of  white  blood-corpuscles 

may  play  some  part  in  the  process.  How  far  this  is  the 
'  case,  as  will  be  seen  hereafter,  we  are  at  present  unable  to 
determine.  We  know  that  this  emigration  constitutes  a 
;  prominent  feature  in  the  process  of  inflammation,  and  if 
t  future  researches  should  show  that  it  also  occurs  in  the 
development  of  malignant  new  formations  whilst  in  those 
which  are  non-malignant  it  is  entirely  wanting,  it  would 
go  far  towards  rendering  the  existence  of  a  malignant 
dyscrasia  beyond  dispute.  In  the  present  position  of  our 
knowledge,  however,  in  which  it  is  only  probable  that  an 
emigration  of  leucocytes  may  play  some  part  in  the  de- 
velopment of  new  growths,  both  innocent  and  malignant, 
any  argument  in  favour  of  the  existence  of  a  blood-dyscrasia 
as  the  cause  of  the  development  of  the  latter  based  upon 
such  considerations  would  be  unjustifiable. 

Although  there  would  thus  appear  to  be  no  necessity  to 
admit  the  existence  of  a  general  constitutional  cause  in 
order  to  explain  the  clinical  characters  which  constitute 
malignancy,  there  can  be  no  doubt  that  the  development 
of  many  growths,  both  innocent  and  malignant,  is 
materially  influenced  by  constitutional  conditions.  Certain 
conditions  of  the  constitution  ma,y  favour  the  development 
of  tumours  just  in  the  same  way  that  they  favoi;r,  for 
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example,  the  development  of  syphilitic  lesions.  In  both 
cases  the  local  processes  may  be  modified  by  the  general 
constitutional  state.  In  the  case  of  tumours  it  must  be 
admitted  as  possible  that  the  constitutional  influence 
may  be  sufficient  in  itself  to  determine  the  development 
of  the  new  growth ;  and  this  possibility  must  be  borne 
in  mind  in  accounting  for  the  development  of  secondary 
malignant  growths,  as  although  these  may  result  from 
infection,  they  may  perhaps  in  some  cases  owe  their 
origin  to  the  same  causes  as  those  which  induced  the 
primary  one. 

The  influence  of  hereditary  i^redisi-iosifion  must  also  be 
tahen  into  account  in  studying  the  etiology  of  tumours. 
This  influence  is  marked  in  the  case  of  many  growths 
both  malignant  and  benign.    The  inherited  peciiHarity 
is  probably,  in  most  cases,  a  local  rather  that  a  general 
one,  consisting  in  some  constitutional  peculiarity  of  the 
tissues  from  which  the  new  growths   originate,  some 
peculiarity  which  renders  them  more  prone  than  other 
tissues  to  undergo  abnormal  develoimieut.    In  scrofula, 
for  example,  which  is  a  markedly  hereditary  disease,  the 
tendency  of  the  lymphatic  glands  to  undergo^  excessive 
development  from  very  slight  degrees  of  irritation,  is 
probably  to  be  regarded  as  owing  to  a  predisposition  of 
the  glands  themselves,  and  not  to  any  general  consti- 
tutional state.    The  same  is  probably  true  of  many  other 
constitutional  tendencies.    Na^vi,  tumours  of  the  skm, 
uterus,  mamma?,  stomach,  and  of  other  parts,  are  again 
all  unquestionably  sometimes  hereditary ;  and  here  also 
the  tendency  would  appear  to  consist  in  a  predisposition 
of  the  tissues  themselves  to  become  the  seats  of  new 
formations. 

The  tendency  sometimes  observed  in  imrtiodar  tissues 
to  generate  new  formations,  points  again  to  a  local  cause. 
The  osseous  system,  for  example,  may  be  the  seat  of  new 
growths— tumours  occurring  in  nearly  all  the  bones,  and 
Dot  being  met  with  in  other  parts.  Tumours  may  in  the 
same  way  be  multiple  in  other  tissues. 
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Direct  Exciting  Causes. — The  existence  of  a  direct  ex- 
citing cause  is  more  capable  of  demonstration  than  a 
constitutional  one.  It  consists  either  in  some  direct 
irritation  of  a  tissue,  which  is  by  this  means  stimulated 
to  increased  development ;  or  in  the  migration  or  trans- 
mission of  elements  from  some  primary  growth,  which  bv 
proliferating  themselves,  or  causing  proliferation,  in  the 
tissues  in  which  they  lodge,  constitute  the  centres  of 
secondary  formations. 

The  direct  irritation  of  a  tissue  may  be  owing  to  me- 
chanical or  chemical  irritants.  Simple  mechanical  or 
chemical  irritation  can,  however,  under  no  circumstances 
be  the  only  cause  of  the  development  of  a  tumour.  The 
effect  of  such  irritations  alone,  as  has  been  seen  in  the 
preceding  chapter,  is  to  cause  an  inflammatory  formation, 
or  some  of  those  forms  of  new  growth  such  as  corns, 
condylomata,  and  exostoses,  which  appear  to  occupy  an 
intermediate  position  between  inflammatory  formations 
and  tumours.  In  order  for  irritation  to  cause  a  tumour, 
there  must  be  some  special  predisposition  of  the  tissue 
itself: — the  irritation  can  merely  determine  its  develop- 
ment. It  does  so  probably  by  causing  a  local  hypertemia 
and  so  increasing  the  supply  of  nutritive  material.  The 
influence  of  simple  irritation  in  the  production  of  new 
formations  is  exemplified  by  the  frequent  occurrence  of 
epithelioma  on  the  lips  of  smokers,  from  the  irritation 
of  the  pipe ;  and  on  the  penis  and  scrotum  of  chimney- 
sweepers, from  the  irritation  of  the  soot  ("chimney- 
sweeps' cancer").  The  numerous  recorded  instances  of 
the  development  of  a  tumour  following  some  external  vio- 
lence or  injury,  leave  little  doubt  that  these  also  some- 
times stand  to  one  another  in  the  relation  of  cause  and 
effect.  Lastly,  as  pointed  out  by  Virchow,  it  is  those 
organs  wliich  are  the  most  exposed  to  irritation  from 
external  causes,  as  the  stomach,  the  mammary-gland, 
and  the  rectum,  which  are  especially  liable  to  become 
the  seats  of  new  growths. 

The  influence  of  elements,  which  have  either  mio-rated 
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or  been  conveyed  from  their  original  habitat,  in  causing 
the  development  of  new  formations  is  exemphfied  by  the 
history  of  malignant  tumonrs.  It  is  by  this  means  that 
the  secondary  tnmours  most  frequently  ongmate.  Ihe 
elements,  which  either  migrate  spontaneously  from  the 
primary  growth,  or  are  carried  by  the  blood  or  lymph 
streams,  may  proliferate  in  the  tissue  in  which  they 
lodge,  and  so  develop  into  secondary  formations.  _ 

In  other  cases  it  is  also  exceedingly  probable,  as  pointed 
out  by  Dr.  Oreighton,*  that  the  elements  which  are 
transmitted  from  the  primary  tumour  cause  the  produc- 
tion of  secondary  tumours  by  virtue  of  an  influence  on 
the  cells  of  the  tissue  where  they  lodge,  which  may  be 
termed  a  spermatic  ivJZnence,  and  which  is  comparable 
with  that  of  the  sperm-cell  on  the  ovum.  In  such  cases 
the  relation  of  the  primary  to  the  secondary  tumour  is 
that  of  parent  to  offspring.  This  subject  will  be-agam 
alluded  to  when  speaking  of  "  Malignancy. 

DEVELOPMENT.-In  studying  the  development  of  the 
tumours,  it  is  important,  in  the  fii'st  place  to  bear  m 
mind  what  has  been  already  stated-viz.,_that  they  are 
in  all  cases  the  direct  product  of  pre-existing  cellular 
elements.    Prof.  Cohnheim  has  recently  advanced  the 
hypothesis  that  the  cells  from  which  they  originate  are 
not  those  of  the  mature  tissue,  but  embryonic  cells,  a 
few  of  which,  not  having  been  utihsed  m  the  normal 
process  of  development,  remain  over,  quiescent  ^or^  ^ime 
Lt  readv,  when  from  any  cause  there  is  increased  blood- 
supply,  to  renew  their  formative  activity.    In  support  ot 
this  view  he  adduces  the  facts,  that  tumours  tend  to 
develop  and  to  grow  most  rapidly  when  for  P%^^;  ^S^J^ 
or  other  reasons  there  is  any  increased  supply  of  blood 
and  that  tumours  consisting  of  a  tissue  diilerent  m  type 
to  that  of  the  structure  in  which  they  grow  (l^eterobgous 
tumours-e.,.,  enchondroma  of  the  testicle),  are  only 
met  with  in  tissues  which  are  themselves  derived  from 

*  Discussion  on  Cancer,  Trans.  Path.  Soc,  Lend.,  1874,  p.  368. 
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the  same  primary  embryonic  layer  as  is  the  tissue  of 
Avhich  the  tumour  is  composed*  Whether  this  hypothesis 
be  true  or  not,  it  certainly  serves  to  explain  some  points 
iu  the  pathology  of  tumours,  and  in  considering  the 
development  and  history  of  these  growths  it  will  be  well 
to  remember  it. 

The  tumours   in  their  development   and  structure 
resemble  the  normal  tissues— every  pathological  growth 
has  its  physiological  prototype.    The  resemblance,  how- 
rver,  is  by  no  means  complete,  for  as  indicated  in  the 
':finition,  tumours  in  their  development  are  characterized 
y  their  independence  of  the  rest  of  the  organism,  so 
iiat  in  this  and  in  their  structure  they  are  always  more 
•I'  less  atyflcaL 

The  elements  from  which  tumours  most  frequently 
originate  are  those  belonging  to  the  common  connective 
tissue,  and  to  the  blood-vessels  and  lymphatic  system 
with  which  it  is  so  intimately  associated.  By  common 
connective  tissue  is  meant  that  tissue  which  in  all  parts 
surrounds  the  blood-vessels,  and  is  so  universally  dis- 
tributed throughout  the  entire  organism.  This  must  be 
carefully  distinguished  from  the  formed  connective  sub- 
stances—tendon, cartilage,  bone,  etc.  In  this  common 
')unective  tissue  we  distinguish  two  kinds  of  cells— the 
stable  cells  (connective  tissue  corpuscles),  and  the  mobile 
cells,  which  are  probably  wandering  white  blood-corpuscles. 
These  cells  are  in  intimate  relation  with  the  endothelium 
of  the  lymphatics,  the  latter  vessels  commencing  as  serou.s 
canals  which  are  universally  distributed  in  the  tissue. 
Further— both  the  endothelium  of  the  lymphatics  and 
that  of  the  blood-vessels  closely  resemble  in  their  physio- 
logical functions  the  fixed  cells  of  the  connective  tissue. 

In  the  process  of  development  of  tumours  from  con- 
nective tissue,  the  part  which  is  played  by  the  different 
cellular  elements  cannot  in  our  present  state  of  know- 
ledge be  certainly  stated.  The  first  result  of  their  activity, 

•  "  VorlcsungfiD  iibcr  allgcmcineii  Fathologii',"  Liiiid  i. 
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however,  is  to  produce  a  new  tissue,  composed  of  small 
roundish- shaped  cells,  from  y^\,o  to  ^Vo  an  inch  in 
diameter,  enclosing  a  large  ill-defined  nucleus.  The  cells, 
which  possess  no  limiting  membrane  but  are  simply  Httle 
masses  of  amoeboid  protoplasm,  are  enclosed  in  a  scanty, 
semi-fluid,  and  faintly  granular  intercellular  material 
(Fig.  30).  This  tissiie  is  obviously  precisely  similar  to 
embryonic  tissue.  In  some  cases  the  protoplasm  con- 
tinues to  increase  and  the  nuclei  to  divide  without  any 
subsequent  division  of  the  cell  taking  place,  and  thus  are 

produced  large  irregular-shaped 
Fig.  30.  masses  of  protoplasm  coutaiaiug 

^  numerous  nuclei.    These  are  the 

^    #f  ^  giant  or  myeloid  cells  which  are 

®       *  ♦  ^  met  with  in  the  medulla  of  young 

^  ^  9  ® a^*'*.-         ^o^e  and  in  many  sarcomatous 
»*I!*St*#i      tumours.    (See  "Myeloid  Sar- 
®  '  coma,"  Fig.  51.)    Thus  the  first 

*  I  «,  J^?'*'*     stage  m  the  process  of  develop- 
ment  consists  in  the  formation 
of  an  embryonic  tissue,  and  this 
Embryonic  ("  indifercnt")  embryonic  tissue  subsequently 

Tissue  from  tl:e  Edge  of  a  ^-^g^gj  ^g  i^to  the  tissue  of  which 
Sarcomatous  2\imoar.  x  ooU.  uevciupo  ii^.^^ 

the  tumour  is  composed,  it  is 
often  impossible  to  determine  in  this  early  stage  of  the 
growth  what  it  will  ultimately  become— whether  a 
fibroma,  a  sarcoma,  or  an  enchondroma,  &c.  Accordmg 
to  the  hypothesis  of  Cohnheim,  the  embryonic  tissue,  as 
already  stated,  is  not  derived  from  a  proliferation  of  the 
elements  of  the  mature  connective  tissue,  but  from  em- 
bryonic cells  which  were  not  utilised  during  the  period  of 
physiological  development. 

The  second  stage  of  the  process  consists  in  the  develop- 
ment of  this  embryonic  ("  indifferent")  tissue  into  the 
tissue  of  the  permanent  growth,  and  this  subsequent 
development  closely  resembles  that  of  the  immature  con-i 
nective  tissue  of  the  embryo.  As  from  the  immature 
connective  tissue  of  the  embryo  are  developed  various 
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■  •onnective  tissue  substances  —  fibrous  tissue,  mucous 
tissue,  cartilage,  bone,  &c.— so  may  this  embryonic  con- 
nective tissue,  which  constitutes  the  earliest  stage  of  so 
many  of  the  pathological  new  formations,  become  de- 
veloped into  various  tissues,  all  of  which  iisually  more  or 
less  resemble  the  several  varieties  of  the  physiological 
c  onnective  tissues.    The  whole  of  the  primary  cells  may 

'rm  the  same  kind  of  tissue,  in  which  case  the  growth 

■  ill  possess  the  same  characters  throughout;  or  it  may 
lie  complex,  some  cells  forming  one  kind  of  tissue  and 

irae  another.    A  combination  of  two  or  more  kinds  of 
u-ucture  may  thus  be  met  with  in  the  same  tumour— as 
a  combination  of  sarcoma  and  lipoma,  of  enchondroma 
:ii:l  myxoma,  and  so  on.    What  determines  the  ultimate 
■velopment  of  the  young  cells,  why  they  produce  such 
irious  forms  of  growths,  is  as  far  from  our  knowledge  as 
;iat  determines  the  ultimate  destination  of  the  cells  in 
'  embryo. 

Xext  to  connective  tissue,  the  epifhelium  and  fjlcmdnlar 
structures  are  the  tissues  from  which  tumours  most 
frequently  originate ;  and  as  from  connective  tissue  are 
:nsually  produced  growths  of  the  connective  tissue  type, 
so  do  the  growths  originating  from  the  epithelia  usually 
resemble  epithelium.  As  to  whether  all  new  growths 
'Originating  in  connection  with  epithelium  are  solely  the 
offspring  of  pre-existing  epithehal  elements,  we  are  unable 
to  speak  with  absolute  certainty.  The  answer  to  this 
question  must  await  a  more  certain  knowledge  of  the  way 
m  which  the  epithelial  structures  normally  grow  and 
repair  themselves.  It  is  regarded  as  probable  by  some 
that  the  normal  production  of  epithelium  is  not  entirely 
the  result  of  the  multiplication  of  epithelial  cells,  but  that 
the  cells  of  the  connective  tissue  by  cnntar.b  with  epithcH;il 
elements  may  become  developed  into  epithelium.  Tf  this 
be  so,  it  must  l)e  admitted  as  at  all  events  equally  probable, 
that  pathological  new  formations  which  originate  in  con- 
nection with  epithelium  may  be  in  part  the  ]irodiict  of 
elements  belonging  to  the  connective  tissue.    Tiiis  subject 
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will  be  again  alluded  to  when  speaking  of  tte  develop- 
ment of  carcinoma.  The  process  of  development  from 
epithelium  may  take  place  either  by  simple  division,  or 
by  vacuolation  and  endogenous  growth. 

Here  allusion  must  be  made  to  the  recent  investiga- 
tions of  Dr.  Creighton  on  the  development  of  secondaiy 
tumours  in  the  liver.*  Dr.  Creighton  finds  that  in  various 
kinds  of  secondary  tumour  occurring  in  the  liver,  the 
growth  originates  from  the  liver-cells  by  a  process  of 
vacuolation  and  endogenous  formation  ;  and  he  concludes 
that  in  this  way  liver-cells  may  originate  epitheUal  cells, 
connective  tissue-cells,  spindle-cells,  &c.,  the  variations 
depending  upon  the  nature  of  the  primary  tumour. 

Erom  the  remaining  tissues,  muscle  and  nerve,  the 
development  of  tumours  is  comparatively  rare,  and  in 
the  hio-hest  nerve-tissue  it  is  doulitful  if  formative  pro- 
cesses  ever  occur. 

According  to  the  similarity  or  difference  which  subsists 
between  tlie  new  growth  and  the  tissue  from  which  it 
grows,  tumours  are  divisible  into   two  classes— /lowio-- 
Logo  US  and  heterologous.    When  the  tumour  resembles  J 
in  its  structure  and  development  the  tissue  from  which  it' 
originates,  it  is  said  to  be  homologous ;  when  it  differs,  it- 
is  said  to  be  heterologous.    A  cartilaginous  tumour,  for 
example,  growing  from   cartilage,   is  homologous,  but 
growing  from  any  other  tissue,  as  from  the  jiarotid  gland,, 
ft  is  heterologous.     The  same  variety  of  tumour  may; 
thus  be  in  one  case  homologous,  in  another  heterologous.- 
Heterology,  however,  is  not  hmited  to  the  production 
of  a  tissue  which  is  dissimilar  from  that  from  which  it 
originates  ;  a  tumour  is  also  said  to  be  heterologous  when 
it  diilers  from  the  tissue  in  which  it  is  sii natal,  and  this 
may  occur  v.dthout  its  being  the  direct  product  of  the 
latter.    It  is  heterology  in  this  sense  that  is  so  charac- 
teristic of  malignant  growths.     Cancers,  for  example..; 
become  heterologous  owing  to  the  growth  and  extension i 


*  Disciissiou  ou  Caucor,  rraiix.  Palh.  Soc.  Loml,  18i4,  p.  3i 
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ol:  the  epithelium  beyond  its  normal  limits  (see  "  Epithe. 
lioma,"  Fig.  61);  and  the  same  form  of  heterology  obtains 
in  the  case  of  growths  originating  from  elements  which 
have  migrated  or  been  carried  from  their  original  habitat, 
and  have-  developed  into  a  tissne  which  differs  from  that 
in  which  they  are  situated. 

Relation  of  the  Tumouk  to  the  suhrounding 
Tissues.— The  relation  of  the  tumour  to  the  surroundinsc 
structures  will  depend  upon  its  mode  of  growth.  This 
may  be  circumscribed  or  diffuse.  In  the  former  case  the 
tumour  will  merely  displace  the  surrounding  parts, 
and  having  attained  a  certain  degree  of  development,  a 

Fig.  31 


Scirrhiis  of  the  Mamma. — A  thin  section  from  the 
most  external  portion  of  the  tumour.  Showing 
the  invasion  by  small-celled  infiltration  of  the 
muscular  fibres  and  adipose  tissue  in  the  neigh- 
boui-liood  of  the  gland,    x  200 

fibrous  capsule  is  often  formed  around  it,  by  which  it 
becomes  completely  isolated.  The  lipomata,  fibromata, 
and  enchondromata  are  usually  thus  encapsuled.  In 
other  cases  the  growth  is  diffuse  and  invades  the  adjacent 
structures.  There  is  then  no  line  of  demarcation  between 
the  tumour  and  the  surrounding  parts,  so  that  although 
to  the  naked  eye  it  may  appear  separate,  the  microscope 
mil  discover  in  the  adjacent  tissues  elements  of  the  new 
growth.  (Fig.  31.)  This  is  characteristic  of  malignant 
tumours,  and  is  a  comrnon  cause  of  local  i-ecurrence  after 
removal.    (Sec  "  Malignancy.") 


118 


NUTEITION  INCREASED. 


Eetrogbessive  Chakges. — A  tumour  never  actual!)' 
disappears,  and  it  thus  differs  from  an  inflammatory 
growth— for  example,  from  a  syphilitic  gumma.  It  may 
remain  stationary,  or  grow  slowly  or  rajjidly,  and  sooner 
or  later  it  usually  becomes  the  seat  of  retrogressive 
changes.  The  time  at  which  these  commence  varies  : — 
As  a  rule  the  permanence  and  durability  of  a  tumour  bear 
an  inverse  relation  to  the  rapidity  of  its  growth,  and  to 
the  inferiority  of  its  organisation.  The  more  rapid  the 
growth,  and  the  more  lowly  organised  the  tissue  formed, 
the  less  its  durabihty  and  the  sooner  do  retrogressive 
changes  occu.r.  The  carcinomata  and  sarcomata,  for 
example,  which  develop  rapidly,  and  consist  for  the  most 
part  of  cells,  quickly  degenerate;  their  elements  are 
imstable  and  soon  perish.  Osseous  tumours,  on  the  other 
hand,  which  develop  more  slowly,  and  consist  of  a  more 
highly  organised  tissue,  have  a  much  greater  stability, 
and  are  but  little  liable  to  retrogressive  metamorphosis. 

The  retrogressive  changes  are  similar  to  those  met  with 
in  the  physiological  tissues.  Deficient  supply  of  blood 
is  followed  by  fatty  degeneration  and  its  various  termi- 
nations—softening, caseation,  and  calcification.  Pig- 
mentary, colloid,  and  mucoid  degeneration  may  also  occur. 
Tumours  may  also  become  the  seats  of  an  infiammatoiy 
process,  of  irlceration,  hasmorrhage,  and  necrosis. 

Malignancy.— By  "malignancy  "  is  understood  the  pro- 
perty possessed  by  many  tumours  of  reproducing  them- 
selves either  locally  after  removal,  or  in  distant  tissues. 
It  is  important  not  to  confound  the  terms  "malignancy" 
and  "cancerous."  "Malignancy"'  is  a  purely  chuical 
term,  and  although  in  a  high  degree  the  property  of  the 
carcinomata,  is  by  no  means  confined  to  them ;  the 
sarcomata,  for  example,  being  in  many  cases  equally,  or 
even  more  malignant.  The  term  "  canceroits"  on  the 
other  hand,  is  used  to  imply  a  definite  structure,  and  as 
such  is  applied  to  a  certain  class  of  new  formations. 

The  malignant  properties  of  a  tumour  may  manifest 
themselves  either  in  the  tissues  immediately  adjacent  to 
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i  t  or  iu  its  neighbourhood,  in  the  uearest  chain  of  lym- 
[ihatic  glands,  or  iu  more  dis-tant  parts.  Some  growth.? 
possess  these  properties  in  a  higher  degree  than  others, 
so  that  there  are  different  degrees  of  malignancy.  In 
many  cases  the  malignancy  of  a  tumour  is  so  far  limited 
that  it  gires  rise  merely  to  a  local  reproduction  after 
removal.  Such  tumours  have  been  separately  classified 
hy  many  surgeons  as  "  recurrent"  tumours.  (See  "  Small 
Spindle-celled  Sarcoma.")  In  other  growths  this  ten- 
dency to  local  reproduction  is  associated  with  the  develop- 
ment of  similar  growths  in  the  nearest  lymphatic  glands; 
whilst  in  a  third  class  of  cases,  to  one  or  both  of  these 
conditions  is  added  the  reproduction  of  the  growth  in 
more  distant  tissues,  especially  in  the  lungs  and  liver.  It 
will  be  advisable  to  treat  of  these  three  degrees  of  malig- 
nancy separately. 

1.  Reproduction  of  the  Tumour  in  the  Adjacent  Struc- 
tures.— This  is  usually  the  earliest  evidence  of  malignancy 
in  a  growth,  and  gives  rise  to  its  jjersistent  recurrence 
i)i  loco  after  removal  by  the  surgeon.  This  tendency  to 
the  local  reproduction  of  the  tumour  is  principally  owing 
to  its  mode  of  growth.  The  cellular  elements  of  the 
tumour  invade  the  adjacent  structures,  and  often  extend 
for  some  distance  into  them,  so  that  unless  in  the  opera- 
tion for  its  removal  the  incision  be  carried  for  some  dis- 
tance beyond  the  apparent  confines  of  the  gi'owth,  some  of 
the  elements  may  be  left  behind  and  thus  constitute 
the  centres  of  secondary  formations.  (See  Fig.  31.)  The 
elements  of  malignant  tumours  may  probably  also,  as 
already  stated,  induce  by  the  influence  of  contact  similar 
developmental  changes  in  the  cells  of  the  surrounding 
tissue.  It  is  this  inllucncc  which,  according  to  Professor 
Maier,  Dr.  Creighton,  and  other  pathologists,  is  especially 
characteristic  of  the  cancers,  and  gives  to  these  tumours 
their  peculiar  infective  properties.  The  ejiithclial  growth 
IS  not  at  first  infective,  but  when  its  development  ha.s 
reached  a  certain  height  it  exercises  an  infective  infiuencc 
upon  the  cells  of  the  neighbouring  connective  tissue  and 
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causes  them  in  their  proliferation  to  assume  an  epithelial 
tjiie*  (See  "  Development  of  Carcinoma.")  Maliguant 
tumours  are  not  usually  encapsuled,  hut  in  some  cases 
tumours  which  possess  a  distinct  capsule  infiltrate  the 
surrounding  structures.  The  infiltration  of  the  adjacent 
tissues  by  the  elements  of  the  tumour  sometimes  gives 
rise,  not  only  to  the  continuous  enlargement  of  the  pri- 
mary growth,  but  also  to  the  development  of  separate 
secondary  growths  in  the  immediate  vicinity  of  the 
primary  one. 

2.  Eeproduction  of  the  Tumour  in  the  nearest  Lym- 
'phaiie  GZaiicZs.— This  is  owing  to  the  transmission  by  the 
lymph-stream  of  cellular  elements  derived  from  the  mahg- 
nant  growth,  which  become  arrested  in  the  nearest  lym- 
phatic glands,  and  there  cause  the  development  of 
secondary  formations.  These  are  in  all  cases  of  the  same 
nature  as  the  primary  tumour.  When  the  lymphatic 
glands  have  themselves  developed  into  secondary  growths, 
they  in  their  turn  constitute  new  centres  of  infection,  and 
may  thus  infect  more  distant  glands  or  the  immediately 
adjacent  tissues.  The  tendency  to  reproduction  iu  the 
lymphatic  glands  varies  very  much  in  the  different 
varieties  of  malignant  growths,  being,  for  example,  very 
marked  in  the  carciuomata,  wherereas  in  the  sarcomata  it 
is  less  frequent.  The  reasons  for  these  differences  will  be 
seen  in  the  subsequent  chapters. 

3.  Eeproduction  of  the  Tumour  in  Distant  Tissues.— 
This  is  usually  the  terminal  process  in  the  history  of 
mahgnant  growths.  The  reproduction  of  the  maliguant 
growth  in  distant  tissues  is  iu  the  great  majority  of  cases 
owing  to  the  entry  of  some  of  its  elements  into  the  blood- 
stream. The  secondary  tumours,  as  in  the  lymphatic 
glands,  are  iu  all  cases  of  the  same  nature  as  the  primary 
one,  although  they  are  often  softer,  more  vascular,  and 


*  Soe  Tiipor  hy  Dr.  Creiglitoii  "  On  tlio  Infection  of  the  Connec- 
tive Tissue  in  SciVrlious  Cancers  of  tlic  Breast."  Journal  of  Auatomu 
(iiul  riii/sioloni/,  vol.  xiv. 
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show  greater  activity  of  growth.    They  occur  as  a  rule 
in  those  organs  through  which  the  blood  from  the  pri- 
mary tumour  first  passes— that  is,  in  those  organs  which 
present  the  first  set  of  capillaries  for  the  arrest  of  the 
transmitted  materials.     In  malignant  diseases  of  those 
organs,  for  example,  which  return  their  blood  through 
the  portal  vein,  as  the  stomach  and  mesenteric  glands,  it 
is  the  liver  iti  which  the  secondary  growths  usually  first 
occur,  and  when  this  has  become  involved,  it  may  consti- 
tute a  secondary  centre  of  infection,  and  in  the  same  way 
cause  tertiary  growths  in  the  lungs.     Although  this 
sequence  is  the  rule,  there  are  numerous  exceptions.  In 
some  cases,  the  organs  which  are  nearest  in  the  course  of 
the  circulation  to  the  primary  growth  escape,  whilst  those 
more  distant  become  affected.    This  may  be  owing  to  one 
organ  being  more  favourable  to  the  development  of  the 
transmitted  elements  than  another ;  or  to  the  capillaries 
of  the  proximal  organ  allowing  elements  to  pass  through 
them,  whereas  those  of  the  more  distant  one  are  small 
enough  to  arrest  them.     Lastly,  it  must  be  borne  in 
mind  that  the  secondary  growths  may  be  entirely  in- 
dependent of  the  primary  one,  their  origin  being  due  to 
the  same  cause. 

Although  the  general  dissemination  of  a  malignant 
growth  is  thus  in  most  cases  owing  to  the  transmission 
of  its  elements  by  the  blood-stream,  this  is  not  the  only 
way  in  which  it  may  be  brought  about.  Exceptional 
cases  have  been  described  in  which  the  elements  of  a 
tumour  have  been  distributed  and  caused  secondary 
growths  in  other  ways— as  by  passing  down  the  trachea, 
travelling  between  the  layers  of  the  peritoneum,  and 
from  the  kidneys  down  the  ureters  to  the  bladder,  &c. 

^  The  secondary  tumours,  as  already  stated,  are  probably 
either  the  direct  products  of  the  transmitted  elements 
which  proliferate  in  the  tissues  in  which  they  lodge,  or  . 
they  owe  their  origin  to  the  infective  iiiduence  of  those 
elements  upon  cells  with  which  they  come  into  contact- 
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It  ia  thus  obvious  that  the  evidences  of  malignancy  in 
a  tumour  wiU  consist— in  its  invasion  of  the  surrounding 
structures,  the  implication  of  the  neighbouring  lym- 
phatics, and  the  occurrence  of  similar  tumours  in  internal 
organs.  As  a  general  rule  it  may  be  stated  that^  the 
more  juice  a  growth  contains,  and  the  richer  it  is  m 
blood-vessels  and  lymphatics,  the  more  quickly  will  it 
infect  the  lymphatic  glands,  and  internal  organs;  on  the 
other  hand,  the  poorer  it  is  in  blood-vessels  and  lym- 
phatics, the  more  are  its  infecting  properties  confined  to 
the  neighbouring  tissues. 

The  determination  of  the  innocent  or  malignant  nature 
of  any  growth  will  principally  depend  upon  its  micro- 
scopical characters,  and,  as  will  be  seen  when  considermg 
the  various  kinds  of  tumours,  the  differences  which  exist 
in  their  chnical  characters  are  in  great  measure  to  l^e 
explained  by  differences  in  their  position,  minute  struc- 
ture, and  mode  of  growth.  Many  varieties  of  tumours  are 
invariably  malignant,  as  the  carcinomata  and  sarcomata ; 
hence  any  growth  which  from  its  minute  structure  must 
be  included  under  these  heads,  must  be  regarded  as  being 
of  a  malignant  nature. 

Classification.— Tumours  may  be  classified  upon  _  a 
histological,  or  upon  a  physiological  and  clinical  basis. 
Although  a  physiological  and  clinical  classification  is 
much  to  be  desired,  in  the  present  state  of  our  knowledge, 
they  must  be  very  incomplete.  The  usual  classification 
of  tumours  according  to  their  histological  characters  is 
consequently  here  adopted.  Such  a  classification  may 
be  most  advantageously  made  in  accordance  with  the 
classification  of  the  physiological  tissues  :— 
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CLASSmCATlOJf  OF  TUMOURS. 
I.  Tijpe  of  the  Fiillij  Developed  Connective  Tissues. 


Type  of  fibrous  tissue  . 
„  adipose  tissue  . 
„  cartilage .  .  . 
„  bone  .... 
,,      mucous  tissue . 

„       lymphatic  tissue  . 


II.  Type  of  Higher  Tissues. 


Fibroma. 

Lipoma. 

Eucbondi'oma. 

Osteoma. 

Myxoma. 

I  Hodgkiu's 
The  Lymphomata  i  Disease. 

^  Loulctemia. 


Typo  of  muscle  Myoma. 

,1       nerve  Neuroma. 

„       blood-TCssels  .    .    .  Angioma. 
„       papilloB   of   skin   or  i 

mucous  membrane  .  i  Pfi^piHoma. 

„       secreting  glands  .    .  Adenoma. 

III.  Tj/pe  of  Enibrijonic  Connective  Tissue. 

The  Sarcomata. 


Spindle-celled  Sarcoma 

Eound-celled  Sarcoma  . 
Myeloid  Sarcoma. 
IV.  The  Garcinomata. 


■  Small  spindle-celled  Sarcoma. 
Largo  „  „ 

Melanotic  Sarcoma. 
Osteoid  Sarcoma. 
J  Glioma. 

I  Alveolar  Sarcoma. 


Scin'hus. 

Enoi;|)haloid. 

Colloid. 

Epitlielioma — Adenoid  Cancer. 


V.  Cystic  Tumours. 

Cysts. 


CHAPTER  XIII. 


THE  FIBEOMATA. 

The  fibromata,  fibrotis,  fibro-cellular,  or  connective-tissue 
tumours,  are  tumours  consisting  of  fibrous  tissue. 

Structuiie. — In  structure  the  fibromata  present  tbe 
same  variations  as  tliose  met  with  in  fibrous  tissue. 
Some  of  them  are  composed  of  firm,  dense,  fibrous  tissue, 
such  as  constitutes  tendons  ;  others  are  laxer  and  less 
fibrous  in  consistence,  more  resembling  the  conuective 
tissue  of  the  cutis.  The  fibres,  which  constitute  the 
chief  pai-t  of  the  growth,  are  more  or  less  closely  inter- 
laced, and  are  distributed  without  any  definite  arrange- 
ment, or  grouped  in  bundles  of  various  sizes.    They  are 

Fig.  32. 


THE  FIBIIOMATA. 


125 


sometimes  arranged  concentrically  around  the  blood- 
vessels. (Fig.  32.)  Yellow  elastic  fibres  are  but  very 
rarely  met  with.  The  cells,  like  those  of  normal  fibrous 
tissue,  are  very  few  in  number,  and  ai-e  usually  most 
abundant  around  the  vessels.  They  are  minute,  spindle- 
shaped,  fusiform,  or  stellate  bodies,  the  latter  having 
processes  of  varying  length,  which  communicate  with 
similar  processes  from  neighbouring  cells.  They  are 
often  so  small  and  indistinct  as  in  the  fresh  specimen 
only  to  become  visible  after  the  addition  of  dilute  acetic 
acid.  The  size  and  number  of  these  cells  vary  with  the 
rapidity  of  growth — the  slower  the  growth  the  more 
fibrous  the  tissue,  and  the  smaller  and  less  numerous  are 
the  cells. 

The  fibi'omata  usually  contain  but  few  blood-vessels. 
In  the  softer  growths,  however,  these  are  often  more 
numerous.  They  sometimes  form  a  cavernous  network, 
the  walls  of  which  are  firmly  united  to  the  tissue  of  the 
tumour,  so  that  when  divided  or  ruptured  they  are  unable 
to  retract.  In  such  cases,  injury  to  the  tumour  is  often 
followed  by  profuse  haemorrhage. 

Development. — The  fibromata  originate  from  connec- 
tive tissue,  either  from  the  cutis  or  subcutaneous  connec- 
tive tissue,  from  the  submucous  or  subserous  tissue,  from 
fascial,  the  periosteum,  the  neurilemma,  or  from  the 
connective  tissue  of  organs.  In  the  earhest  stages  of 
their  growth  the  cells  are  more  numerous  than  when 

development  is  complete.  (See  "Development  of 
Tumours.") 

Skcondahv  Changes. — Of  these,  partial  mucoid  soften- 
ing and  calcification  are  the  most  common.  Ulceration 
also  sometimes  occurs  in  those  growths  which  are  situated 
in  the  skin  and  submucous  tissue. 

Vakieties. — Fibrous  tumours  present  some  variafious 
in  their  characters,  which  depend  for  the  most  part  upon 
the  tissue  from  which  they  grow.  Two  classes  may  be 
distinguished : — 

1.  6'o/y,  Fibfoina.ta. — These  consist  of  the  looser  and 
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less  dense  form  of  fibroiis  tissue.  Tliey  are  met  with  as 
diffused  .growths  in  the  subcutaneous  and  submucous 
tissue.  In  the  former  situation  they  often  form  large 
pedunculated  and  non-encapsuled  tumours,  which  are 
commonly  known  as  luens.  These  are  sometimes  mul- 
tiple. A  similar  increased  growth  of  the  subcutaneous 
tissue  is  also  met  with  in  Molluscum  Fihrosum.  In  this 
disease  the  large  masses  which  hang  down  from  the 
thighs,  buttocks,  and  other  situations  consist  simply  of 
loose  fibrous  tissue.  The  new  growth  here  often  contains 
numerous  large  blood-vessels,  so  that  its  removal  may 
lead  to  dangerous  hoBmorrhage. 

In  addition  to  these  diffused  growths,  more  circum- 
scribed and  encapsulecl  fibrous  tumours  of  the  soft  variety 
are  occasionally  met  with  growing  from  the  scalp,  scro- 
tum, labium,  intermuscular  septa,  and  other  situations. 

2.  Firm  Fibromata.  — These  are  composed  of  dense  . 
fibrous  tissue  resembhng  that  met  with  in  tendons.  They 
are  firm,  hard,  encapsuled  tumours,  presenting  on  sectiou 
a  greyish-white,  glistening,  fibrous  appearance.  These 
tumours  often  occur  in  connection  with  bone,  especially 
with  the  upper  and  lower  jaws,  originating  either  in  the 
centre  of  the  bone  or  from  the  periosteum.  Growing 
from  the  periosteum  of  the  alveolus  they  constitute 
simple  fibrous  epnZis.  They  are  also  met  with  in  the 
nose,  where  they  form  one  vaiiety  of  nasal  pohipns.  It 
is  in  these  firm  fibrous  growths  that  the  communication 
of  the  blood-vessels  with  cavernous  spaces  already  alluded 
to,  is  sometimes  foxiud. 

Another  variety  of  firm  fibrous  tumour  grows  in  con- 
nection with  nerves,  and  is  often  described  as  neuroma. 
True  neuromata,  however — i.e.  new  fonnations  of  nerve- 
tissue —  are  amongst  the  rarest  forms  of  new  formations. 
These  fibrous  growths  most  frequently  occur  in  connec- 
tion with  the  superficial  nerves.  They  grow  from  the 
neurilemma,  and  as  they  iucrense  iu  size  tlie  iiorve-fibres 
become  expanded  over  them.  Tbey  are  very  firm,  rounded 
tumours,  and  ore  frequently  multiple. 
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The  fibroid  tumours  of  the  uterus,  which  are  often 
described  as  fibrous  tumours,  are  in  most  cases  over- 
growths of  the  involuntary  muscular  tissue  of  the  organ. 
They  will  therefore  be  considered  with  the  muscular 
tumours.    (See  "  Myoma.") 

Cli>ucal  Chaeacters.— Clinically  the  fibromata  are 
perfectly  innocent.  They  grow  slowly,  and  have  no  ten- 
dency to  recur  locally  after  removal. 


PSAMMOMA, 

This  is  perhaps  the  best  place  to  allude  to  a  rare  form 
of  growth  occasionally  met  with  in  the  brain  and  its  mem- 
branes, which  is  known  as  psammoma.  The  most  charac- 
teristic feature  of  this  growth  is  that  it  consists  largely 
■  )h'  calcareous  particles.  These  are  contained  in  the 
concentric  bodies  already  described  as  the  corpora 
umylacea,  where  they  give  rise  to  the  so-called  "  brain- 
sand".— hence  the  name  of  the  growth.  The  calcified 
corpora  amylacea,  associated  with  a  varying  quantity  of 
a  cellular  and  fibrillated  tissue,  and  blood-vessels,  make 
up  the  growth. 

Psammoraa  is  usually  mot  with  growing  from  the 
membranes  of  the  brain,  or  from  the  choroid  plexus.  Ln 
the  latter  situation  it  often  contains  numerous  cysts.  It 
IS  of  no  pathological  iinportance  except  when  of  sufficiently 
large  size  to  produce  symptoms  from  pressure. 
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THE  LIPOMATA. 


A  GEXEKAL  new  formation  of  adipose  tissue,  constitutiBg 
ohesity,  lias  already  been  described  under  "  fatty  infiltra- 
tion." A  localised  and  circumscribed  formation  consti- 
tutes a  lipoma  or  fatty  tumour. 

Structuke.— The  lipomata  resemble  in  tlieir  structui-e 
adipose  tissue.  (Fig.  33.)  They  consist  of  cells  contaming 

fat,  and  a  variable  quan- 
FiG.  33.  tity  of  common  connective 

tissue.  The  cells,  like 
those  of  adipose  tissue, 
though  usually  somewhat 
larger,  are  more  or  Iqgs 
round  or  polygonal  in 
shape,  and  are  distended 
with  fluid  fat.  The  nu- 
cleus and  protoplasm  are 
so  compressed  against  the 
cell-wall  by  the  fluid  con- 
Lipomn.  Some  of  the  cells  coulaiu  tents,  that,  although  their 
crystallised  fn,tty  acids,  x  -'M.  existence  may  otteu  be 
demonstrated  by  treatment  with  reagents,  they  are 
usually  only  readily  visible  when  the  cell  is  atrophied 
and  contains  less  fat.  (See  Fig.  4  a.)  The  connective 
tissue,  which  varies  in  amount,  usually  umtes  the  cells  m 
masses  or  lobules  ot  various  sizes,  and  also  in  most  cases 
forms  a  thin  capsule  around  the  tumour.  Blood-vessels 
are  distributed  in  the  fibrous  septa. 
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DEVELorjiENT. — The  liiDomata  grow  from  connective 
tissue.  Adipose  tissue,  it  must  be  remembered,  is  merely 
connective  tissue  containing  numerous  cells  wliich  are 
mfiltrated  with  fat ;  and  its  growth  consists,  either  in  the 
infiltration  of  more  of  these  cells,  or  in  a  proliferation 
of  the  cells,  and  an  accumulation  of  fat  in  those  newly 
developed.  A  lipoma  in  the  same  way  originates  by  a 
locaUsed  proliferation  of  cells,  which  as  they  are  produced 
Ijecome  infiltrated  with  fat.  The  growth  of  these  tumours 
is  always  very  slow,  and  they  are  usually  encapsuled  by  a 
layer  of  fibrous  tissue. 

Secondary  Changes.— Secondary  changes  in  the  lipo- 
mata  are  not  common  ;  their  fibrous  septa  may,  however, 
become  calcified,  or  even  ossified,  and  the  fatty  tissue 
undergo  a  process  of  liciuefaction.  Softening  may  also 
occur  from  a  mucoid  change.  Inflammation  of  these 
tumours  is  rare,  but  when  situated  in  the  subcutaneous 
tissue  the  skin  over  them  may  become  adherent  and 
ulcerate. 

Physical  Chahacters,  &c.— The  situation  of  the  lipo- 
mata  is  almost  co-exteusive  with  that  of  adipose  and 
connective  tissue.  They  occur  most  frequently,  however, 
iq,  those  parts  in  which  fat  is  normally  met  with,  as  in 
the  subcutaneous  tissue  and  the  inter-muscular  septa 
They  are  also  occasionally  developed  in  the  subsynovial 
and  sub&'erons  tissues,  in  the  submucous  tissue  of  the 
stomach  and  intestines,  and  even  in  internal  organs. 
They  sometimes  attain  an  enoi-mous  size.  They  are  more 
or  less  lobulated,  and  are  usually  surrounded  by  a  fibrous 
capsule  which  separates  them  from  the  adjacent  structures. 
On  section  they  present  the  ordinary  appearance  of  adi- 
pose tissue.  Their  consistence  varies  with  the  amount  of 
fibrous  tissue  which  they  contain.  They  are  usually 
single,  although  not  unfrequently  multiple.  In  their 
growth  they  occasionally  become  pedunculated. 

Clinical   Chaiiacteus.— Clinically,  the  lipomata  are 
perfectly  innocent. 


CIIAPTEU  XV. 


THE  ENCHONDROMATA. 


The  Enchondromata  are  tumours  liistologically  resem- 
bling cartilage. 

Structure.— Like  cartilage  they  consist  of  cells  and 
an  intercellular  substance,  which  present  all  the  varia- 
tions observed  in  the  normal  tissue.    The  interceUular 
substance  may  be  hyaline,  faintly  or  distinctly  fibrous,  or 
mucoid.    When  fibrous,  the  fibres  may  be  arranged  bke 
those  of  fibro-cartilage,  or  more  or  less  concentrically 
around  the  cells,  as  in  the  reticular  cartilages  of  the  ear 
and  larynx.  (Fig.  34.)   When  hy- 
aline or  mucoid,  it  is  sometimes 
quite  soft  iu  consistence.  The  cells 
may  be  very  numerous,  or  few  m 
proportion  to  the  matrix.  They 
are  round  or  oval,  and  occasionally 
branched  and  stellate.    In  the  hy- 
aline forms  they  are  usually  large 
Fibrous  Jinrhomlroina.      ^^^^  round  or  oval  (Fig.  35) ;  in  the 
fibrous  forms  they  are  often  smaUer 
and  even  somewhat  spindle-shaped,  more  resembling  those 
of  connective  tissue;  and  in  the  rarer  mucoKl  forms, 
they  are  more  commonly  stellate  and  branched,  like  those 
of  the  umbilical  cord.    They  are  either  single  or  arranged 
iu  -roups,  and  are  usually  surrounded  by  a  capsule,  as  • 
n  i^^rmal  cartilage,  although  this  is  often  vei-y  mdistmct  . 
They  enclose  one  or  more  nuclei  and  slightly  gian  lar 
contents;  sometimes  a  cell-wall  cannot  be  distinguished. 


THE  ENCHONDEOMATA, 


131 


or 


In  addition  to  the  intercellular  substance,  the  growth  is 
uisually  divided  into  several  lobes  by  bands  of  fibrous 
tissue,  in  which  are  contained  the  blood-vessels.  These 
lobes  are  often  very  dis- 
tinct, so  that  the  growth  .  Fig.  3d. 
appears  to  be  made  up  of 

several  separate  tamours.        ^  ^        >  ^ 

The  fibrous  tissue  in  most      -'"f"^  -~^^^r-^^ 

eases  also  encapsules  tbe         'G^^  ' 

growth,  and  separates  it  -  '  '  - - 

from    the  surrounding 

structures,  althonsh  .'{'m7/~- 

sometimes  this  encapsu- 

lation  is  absent,  and  the  ^  -  '^^-.^itJ^tJ!^ 

tumour  is  surrounded  by 

p      ,  .  Hijaline  Enchoiidroma.     x  "JOd. 

a  zone  of  embryonic  cells, 

hich  infiltrate  the  adjacent  tissues. 
Development.— The  enchondroniata  most  frequently 
riginate  from  bone  and  common  connective  tissue,  very 
rarely  from  cartilage.  Cartilage  itself,  and  especially 
fibrous  cartilage,  is  very  closely  allied  to  common  connec- 
tive tissue.  It  grows  from  the  deeper  layers  of  the 
1  lerichondrium,  which  proliferate  and  form  an  embryonic 
•issue;  the  young  cells  become  cartilage  cells,  and  these 
i)robably  form  the  matrix,  which  is  either  homogeneous 
'  .r  fibrillated,  constituting  in  the  one  case  hyaline,  and  in 
the  other  fibrous  cartilage.  The  development  of  enchou- 
droma  from  connective  tissue  is  precisely  similiar  to  the 
physiological  progress. 

In  the  development  of  enchondroma  from  osseous  tissue 
the  medulla  is  the  source  of  the  new  growth.  This  pro- 
liferates, the  osseous  trabecuiaj  are  absorbed,  the  neiiih- 
bounng  medullary  spaces  open  one  into  the  other,  and  in 
this  manner  a  large  medullary  cavity  is  j)roduced.  In  tlie 
centre  of  this  the  young  cells  first  I'ormed  enlarge  and 
become  sepjaratcd  by  a  homogeneous,  or,  less  frequently, 
slightly  fibrillated  intercellular  substance,  and  thus  is 
produced  a  mass  of  cartilage  in  the  centre  of  the  mcdul- 
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lary  tissue.  This  gradually  increases  till  ultimately  a 
layer  of  fibrous  tissue  is  Ibruied  arouud  it,  and  its  further 
growth  takes  place  from  the  tissue  of  its  capsule. 

Lastly,  cartilaginous  growths  may  originate  from  carti- 
lage itself.  These  are  sometimes  seen  on  the  surface  of 
the  articular  cartilages,  in  the  larynx  and  trachea,  and  on 
the  costal  and  intervertebral  cartilages.  They  are  simply 
local  outgrowths  from  pre-existing  cartilage.  They  rarely 
attain  a  large  size,  and  in  structure  and  physical  charac- 
ters more  closely  resemble  normal  cartilage  than  the  other 
forms  of  enchondroma.  They  are  usually  described  as 
enchondroses,  and  must  be  distinguished  from  the  other 
forms  of  cartilaginous  tumour. 

Secondary  Cuanges. —  Of  these,  calcification  is  much 
the  most  common.  It  affects  different  parts  of  the 
growth,  commencing  in  the  capsules,  and  then  involving 
the  intercellular  substance.  Ossification  also  occasionally 
occurs  ;  it  commences  at  separate  centres,  and  spiculse 
of  bone  are  formed  which  traverse  the  tumour  in  various 
directions.  Patty  degeneration  and  mucoid  softening  are 
common  changes,  and  may  lead  to  the  formation  of  large 
softened  masses  which  present  the  appearance  of  cysts. 
In  rare  cases  the  slcin  covering  the  tumour  ulcerates,  and 
a  fungating  mass  protrudes. 

Vaeieties. — The  varieties  of  enchondroma  depend 
mainly  upon  the  uature  of  the  intercellular  substance. 
There  are  thus  hyaline,  fibrous,  and  mucoid  enchoudro- 
mata ;  these,  however,  are  usually  combined  in  various 
degrees  in  the  sametumoui-.  As  a  rule,  those  originating 
from  the  medulla  of  bone  are  of  the  hyaline  and  mucoid 
class,  whilst  those  originating  from  connective  tissue  in 
other  situations  are  more  frequently  fibrous.  The  rapidly- 
growing  fibrous  forms  approach  very  closely  the  confines 
of  the  sarcomata,  the  mucoid  ,  forms  the  confines  of  the 
myxomata ;  and  these  two  kinds  of  growth  are  often 
associated  in  the  same  tumour. 

A  variety  of  enchondroma  lias  been  described  under 
the  name  of  odco-chondroma,  which  in  structure  more 
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closely  resembles  bone  than  cartilage.  It  consists  of  a 
tissue  similiar  to  tliat  met  with  between  the  periosteum 
and  bone  in  rickets,  which  from  its  resemblauce  to  osseous 
has  been  called  osteoid  tissue.  This  tissue  only  requires 
calcifying  to  become  true  bone.  Like  bone  it  is  made  up 
of  trabeculaj  and  medullaiy  spaces,  but  the  trabecule, 
instead  of  bone-corpuscles  and  lamellaa,  consist  of  small 
angular  cells  without  a  capsule,  situated  in  an  obscurely 
hbrillated  matrix,  which  in  part  is  calcified.  The  medul- 
lary spaces  contain  a  fibrous  stroma  and  many  blood- 
vessels. The  osteo-chondromata,  although  consisting 
mamlyof  this  osteoidtissue,  contain  also  a  small  proportion 
of  cartilage.  They  originate  beneatli  the  periosteum,  their 
J  common  seat  being  the  ends  of  the  long  bones.  Their 
growth  is  very  rapid,  and  they  often  attain  an  enormous 
size.  They  are  much  more  freely  supplied  with  blood- 
vessels than  the  ordinary  enchondromata,  and  hence  they 
are  much  less  frequently  the  seats  of  retrogressive  changes. 
They  are  especially  prone  to  become  ossified  and  converted 
into  true  bone. 

Physical  Characters,  &c.— The  enchondromata  occur 
most  frequently  in  early  life.  About  three-fourths  of 
them  are  met  with  in  the  osseous  system,  where  they 
grow  either  from  the  medulla  or  from  the  periosteum. 
There  favourite  seat  is  the  fingers  and  toes.  The  remain- 
ing fourth  occur  most  frequently  in  the  parotid  gland 
and  in  the  testicle.  They  occasionally  grow  in  the  inter- 
muscular septa,  in  the  subcutaneous  cellular  tissue  of 
the  mamma,  and  in  the  lungs.  They  are  usually  single, 
except  when  occurring  on  the  fingers  and  toes,  in  which 
situations  they  are  more  frequently  multiple.  They  con- 
sist of  a  single  tumour,  or  of  several  smaller  tumours 
held  together  by  fibrous  tissue.  The  more  slowly  growing 
enchondromata  arc  hard,  smooth,  eln.stic  tumours,  often 
lobulated,  and  seldom  exceeding  the  size  of  an  orange. 
Less  frequently  these  tumours  grow  very  ra.pidly,  are 
quite  soft  in  consistence,  and  attain  a  large  size. 

Clinical  CiiARACTEUs.^The  enchondromata  must  for 
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the  most  part  be  regarded  as  innocent  growths.  They 
are  usually  encapsuled,  and  in  most  cases  produce  merely 
local  effects,  although  these,  from  the  parts  involved  and 
the  rapidity  of  growth,  are  often  very  injurious.  The 
softer  forms,  however,  and  especially  those  which  occur 
in  the  medulla  of  bone  and  in  glands,  occasionally  ex- 
hibit malignant  characters.  These  grow  the  most  rapidly, 
and  are  often  not  limited  by  a  fibrous  capsule,  but  sur- 
rounded by  a  zone  of  embryonic  tissue.  Such  tumours 
tend  to  recur  locally  after  removal,  and  in  rare  caf.es  also 
infect  the  lymphatic  glands,  and  are  reproduced  in  the 
lungs.  In  speaking  of  the  malignancy  of  these  enchon- 
dromata,  it  must  be  borne  in  .mind  that  they  are  some- 
times associated  with  sarcoma,  and  the  malignant  pro- 
perties are  probably  in  all  cases  to  be  ascribed  to  the 
combination  of  sarcomatous  with  the  cartilaginous 
elements. 


CHAPTER  XVI. 


THE  OSTEOMATA. 

The  Osteomata,  or  osseous  tnmoui-s,  are  tumours  consist- 
ing of  osseous  tissue.  A  new  formation  of  bone  occurs 
under  various  circumstances.  Irritative  conditions  of  the 
bone  and  pei-iosteum  are  often  attended  by  a  large  forma- 
tion of  new  bone.  This  is  seen  after  fractures,  in  which 
there  is  not  oqIj  a  formation  of  bone  from  the  bone 
itself,  but  also  from  the  periosteum  and  adjacent  fibrous 
structures  ("permanent"  and  "provisional  callus"). 
Chronic  inflammation  of  the  periosteum  is  also  fre- 
quently followed  by  thickening  of  the  bone  beneath  it. 
These,  however,  are  inflammatory  formations,  and  have 
not  an  independent  growth  like  the  osseous  tumours. 

Structuke. — Osseous  tumours  resemble  in  structure 
normal  bone.    There  are  three  histological  varieties  : — 

1.  The  Ebnrnated  Osteomata. — ^These  consist  of  dense, 
compact,  osseous  tissue.  The  lamelte  are  arranged  con- 
centrically and  parallel  to  the  surface  of  the  tumour. 
There  is  a  complete  absence  both  of  blood-vessels  and  of 
cancellous  tissue. 

2.  Tlir,  CJom.pact,  Osleomata.. — These  are  formed  of  a 
tissue  similar  to  that  of  the  compact  tissiac  of  the  long 
bones;  differing  only  in  the  arrangement  of  the  JTavoi-- 
sian  canals  and  canaliculi,  which  is  less  regular  tlian  in 
normal  bone. 

?>.  The  Cancellous  Osfeomala. — These  consist  of  cancel- 
lous osseous  tissue,  which  is  usually  surrounded  by  a  thin 
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layer  of  denser  bone.  The  medullary  spaces  may  contain 
embryonic  tissue,  a  fibrillated  tissue,  or  fat. 

Development. — Osseous  tumours  originate  from  bone 
or  its  periosteum,  from  cartilage,  and  from  connective 
tissue  apart  from  bone. 

Yakieties. — The  osteomata  are  divisible  into  two 
classes,  according  to  their  seat — tbe  homologous  osteo- 
mata or  exostoses,  and  the  heterologous  osteomata  or 
osteophytes . 

The  homologous  osteomata  or  exostoses,  are  outgrowths 
from  pre-existing  bone,  growing  either  from  the  peri- 
osteum, from  the  articular  cartilage,  or  from  the  medulla. 
Those  growing  from  the  periosteum  occur  most  fre- 
quently on  the  external  and  internal  surfaces  of  the 
skull :  the  orbit  is  an  especially  favourite  seat,  and  here 
they  are  often  dense  and  eburnated.  They  are  also  met 
with  on  the  scapula,  pelvis,  and  on  the  upper  and  lower 
jaws.  In  the  last-named  situation  they  may  grovv  from 
the  dental  periosteum.  There  is  usually  a  line  of  demar- 
cation between  them  and  the  subjacent  bone,  the  new 
tissue  of  the  tumour  being  distinct  from  the  compact 
tissue  of  the  bone.  The  periosteum  from  which  they 
grow  covers  them,  and  is  continnous  with  that  of  the  old 
bone. 

The  exostoses  growing  from  the  articular  cartilages 
occur  at  the  ends  of  the  long  boues.  In  structure  they 
are  much  more  cancellous  than  the  periosteal  growths, 
and  their  outline  is  less  regular.  The  medullary  exostoses 
— or  more  properly,  enostoses — are  the  least  frequent: 
they  originate  in  the  medullary  tissue. 

The  heterologous  osteomata  or  osteophytes,  originate 
apart  from  bone,  growing  from  connective  tissue.  They 
are  especially  liable  to  occur  in  tissues  in  the  neighbour- 
hood of  boues  which  are  the  seat  of  a  chronic  inflam- 
matory process,  and  they  must  in  most  cases  be  regarded 
rather  as  inflammatory  formations  than  as  tumours. 
Such  formations  of  bone  are  sometimes  met  with  in  the 
neighbourhood  of  diseased  joints  and  of  diseased  bone  in 
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other  situations,  iu  toudons,  iu  the  cartilages  of  the 
harj'ns  in  chronic  laryngitis,  in  the  costal  cartilages,  in 
the  bronchi,  in  mnscle,  in  the  arachnoid  and  pia  mater, 
and  even  very  occasionally  in  the  lungs  and  brain.  They 
must  be  distinguished  from  calcareous  deposits,  in  which 
there  is  no  new  formation.  (See  "Calcareous  Degene- 
ration.") 

Clixical  Characters. — The  osteomata  are  perfectly 
innocent  tumours.  Their  growth  is  very  slow.  They 
rarely  attain  a  large  size.  They  are  often  hereditary  and 
multiple,  in  which  case  they  usually  occur  in  early  life. 
Those  osseous  growths  which  sometimes  exhibit  malig- 
nant characters,  are  enchondromata  or  sarcomata  which 
have  undergone  partial  ossification.  From  these,  true 
osteomata  must  be  carefully  distinguished.  (See  "  Os- 
teoid Sarcoma.") 


CHAPTER  XVII. 


THE  MYXOMA! A. 

The  myxomata  are  tumours  consisting  of  mucous  tissue. 
Mucous  tissue  is  a  translucent  and  succulent  connective 
tissue,  the  intercellular  substance  of  which,  yields  mucin. 
Physiologically,  this  tissue  is  met  with  in  two  forms,  and 
in  two  situations :— one— in  the  vitreous  body  of  the  eye, 
in  which  the  cells  are  roundish  and  isolated ;  the  other — 
in  the  umbilical  cord,  iu  which  the  cells  are  fusiform  or 
stellate,  and  give  off  fine  prolongations  which  anastomose 
with  one  another.    In  both,  the  intercellular  substance  is 
homogeneous  and  yields  mucin.    The  connective  tissues 
in  their  embryonic  condition,  as  already  stated  when 
describing   "mucoid   degeneration,"  possess   an  inter- 
cellular substance  containing  large  quantities  of  mucin. 
This  is  especially  the  case  with  the  tissue  which  subse- 
quently becomes  adipose.    New  formations  may  undergo 
a  mucoid  change,  and  thus  closely  resemble  in  their  phy- 
sical and  chemical  characters  the  myxomata.  A  myxoma, 
however,  is  a  growth  which  consists  of  mucous  tissue. 
The  myxomata  are  thus  very  closely  allied  to  the  sarco- 
mata, and  by  many  are  included  in  the  same  class  of  new 
formations. 

Rtructuhe.— The  cells  present  the  two  varieties  met 
with  in  the  physiological  tissues.  The  majority  are 
angular  and  stellate,  with  long  anastomosing  prolonga- 
tions. (Fig.  oO.)  Others  are  isolated,  and  fusiform, 
oval,  or  spherical  iu  shape.  They  usually  possess  one, 
in  some  cases  two  distinct  nuclei.    Their  contour  is  very 
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indistinct,  owing  to  the  refracting  nature  of  tbe  inter- 
cellular substance.  The  latter  is  very  abundant,  per- 
fectly homogeneous,  of  a  soft  gelatiniform  viscid  con- 
sistence, and  yields  large  quantities  of  mucin :  amongst 
it  are  a  varying  number  of  amoeboid  cells.  The  blood- 
vessels, which  are  not  numerous,  are  readily  visible  and 
i-asily  isolated.  A  few  elastic  fibres  are  sometimes  seen 
lietween  the  cells. 


Myxoma.  A  minuto  piece  of  a  nij'.xoma  of 
the  ai-m,  sliowing  the  characteristic  brancliecl 
anastomosing  cells.  There  are  also  a  few 
leucocytes,  and  one  or  two  spindle-shaped 
elements,    x  200. 


Development. — The  myxomata  always  originate  from 
"ne  of  the  connective  tissues.  Adipose  tissue  is  their 
most  favourite  seat — either  the  subcutaneous,  the  sub- 
mucous, or  the  inter-muscular  adipose  tissue.  They  also 
'.rrow  from  the  medullary  tissue  of  bone,  the  connective 

ssue  of  organs,  from  the  connective  tissue  of  the  brain 
spinal  cord,  and  from  the  sheaths  of  nerves.  They 

c  usually  separa,ted  from  the  surrounding  structures  by 
■I  very  thin  fibrous  CEtpsulc,  fine  prolongations  from  which 
''ividethe  growth  into  lobules  of  various  .«izca.  In  ex- 
'••■ptioiuil  cases  they  may  increase  by  the  continuous 
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invasion  of  their  matrix.    Tlieir  growth  is  usually  •  slow, 
but  they  may  attaiu  an  enormous  size. 

Secondary  Changes. — Of  these  the  most  common  is 
rupture  of  the  capillaries,  hasmorrhage,  and  the  formation 
of  sanguineous  cysts  ;  this,  however,  is  less  frequent  than 
in  the  sarcomata.  The  cells  themselves  may  undergo 
mucoid  or  fatty  degeneration,  and  thus  be  destroyed: 
this  is  usually  accompanied  by  liquefaction  of  the  inter- 
cellular substance. 

Varieties. — The  varieties  of  myxoma  depend  prm- 
cipally  upon  its  combination  with  other  growths.  The 
most  common  is  a  combination  with  lipoma.  Combma- 
tions  with  sarcoma,  enchondroma,  and  adenoma,  are  also 
frequently  met  with. 

Physical  Characters,  &c.— The  myxomata  are  of  a 
peculiar  soft  gelatiuiform  consistence,  and  of  a  pale 
greyish  or  reddish-white  colour.  Their  cut  surface  yields 
a  tenacious  mucilaginous  liquid,  in  which  may  be  seea 
the  cellular  elements  of  the  growth.  They  are  most  fre- 
quently met  with  in  the  later  periods  of  life.  Growing 
from  the  sheaths  of  nerves,  they  constitute  one  variety 
of  so-called  neuroma.  They  may  also  grow  from  the 
placenta,  constituting  the  "uterine  hydatids."  \Yhen 
situated  in  superficial  parts  they  may  become  peduncu- 
lated. In  the  submucous  tissue  of  the  nose  they  consti- 
tute one  form  of  nasal  polyjDUs. 

Clinical  Characters.— Clinically  the  myxomata  are 
for  the  most  part  benign  growths.  If  completely  removed 
they  rarely  recur.  Sometimes,  however,  they  exhibit 
malignant  characters,  and  recur  locally  after  removal. 
They  probably  never  reproduce  themselves  in  internal 
organs.  In  speaking  of  their  malignancy  their  occasional 
association  with  sarcoma  must  be  borne  in  mmd. 


CHAPTER  XVIIL 


THE  LYMPHOMATA. 


The  Lympliomata  are  new  formations  consisting  of  Ijm- 
l-hatic,  or  as  it  is  sometimes  called,  adenoid  tissue  (the 

■adenoid  tissue"  of  His).  Lymphatic  tissue  is  the 
1  issue  composing  the  follicles  of  the  lymphatic  glands 
aud  the  Malpighian  corpuscles  of  the  spleen,  and  existing 
ui  many  other  parts  belonging  to  the  lymphatic  system. 

This  tissue  is  now  known  to  have  a  much  more  general 
distribution  than  was  formerly  supposed;  it  not  only 
constitutes  the  follicles  of  the  lymphatic  glands  and  the 
Malpighian  corpuscles  of  the  spleen,  but  also  Peyer's 
glands  and  the  solitary  glands  of  the  intestine,  the  fol- 
hcles  of  the  pharynx  and  tonsils,  the  thymus  gland,  and 
•the  trachoma  glands  of  the  conjunctiva.  Eecently  it  has 
also  been  found  to  exist  in  many  other  situations,  as 
around  the  blood-vessels  of  the  pia  mater  and  of  other 
parts,  in  the  neighbourhood  of  the  smallest  bronchi,  in 
the  pleura  immediately  beneath  its  endothelium,  in  the 
peritoneum,  in  the  mucous  membrane  of  the  alimentary 
canal,  and  in  the  medulla  of  bone. 

Stkucture.— Lymphatic  tissue,  wherever  it  exists,  pos- 
sesses the  same  general  structure,  and  the  follicle  of  a 
lymphatic  gland  may  be  taken  as  the  type  not  only  of 
the  physiological  tissue  but  also  of  the  pathological 
growths. 

This  tissue  consists  essentially  of  a  delicate  reticulum, 
within  the  meshes  of  which  are  contained  numerous 
lymphatic  elements— the  so-called  lymph-corpuscles.  The 
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reticulum  is  made  up  of  very  fine  fibrils  which  form  a 
close  network,  the  meshes  of  which  are  only  sufficiently 
large  to  enclose  a  few,  or  even  a  single  corpuscle,  in  each. 
The  fibrils  usually  present  a  more  or  less  homogeneous 
appearance,  and  nuclei  are  sometimes  to  be  distinguished  at 
the  angles  of  the  network.  (Fig.  37.)  The  lymphatic  ceUs, 
or  lymph-corpuscles,  which  constitute  the  greater  part  of 
the  tissue,  can  in  most  cases  be  readily  removed  fi-om  the 
meshes  of  the  reticulum  by  the  agitation  of  thin  sections 
in  water.    They  are  identical  in  their  characters  with  the 


Fig.  37. 


Lijmphonui.—A  thiu  sectiou  of  a  lympbomatous 
tuniour  of  the  mediastinum,  from  which  most  of 
the  cells  have  been  removed  by  peiicilluig.  Show- 
iug  the  reticulated  network,  and  the  nuclei  lu  its 
angles.  This  network  is  much  coarser  than  that 
usually  met  with,    x  200. 

white  cells  of  the  blood.  As  usually  seen  after  death, 
they  are  spheroidal,  pale,  semi-transparent  bodies,  yarymg 
considerably  in  size,  and  also  presenting  shght  differences 
in  their  structure.  Some  are  granular,  and  appear  to 
possess  no  nucleus  ;  in  others,  a  distinct,  simple,  or  com- 
pound nucleus  is  visible,  which  is  usually  also  grauiilar; 
others  again  are  much  larger,  and  contain  two  or  even 
three  nuclei.    (Fig.  38.) 

The  histological  characters  of  the  lymphoniata,  how- 
ever, vary  considerably,  according  to  the  vapidity  of  their 
development.  In  the  rapidly  growing  forms  the  propor- 
tion of  cells  is  very  great,  and  many  of  these  are  largei 
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than  tliose  normally  met  with  in  lymphatic-  glands,  con- 
taining two,  or  even  more,  nnclei.  The  more  slowly  grow- 
ing tumours,  on  the  other  hand,  are  less  richly  cellular, 
and  the  reticulum  constitutes  a  more  prominent  part  of 
the  growth.  (Fig.  89.)  In  these  the  larger  cell-forms  also 
are  almost  entirely  wanting;  and  the  reticulum,  instead 


Fig.  38. 


Cells  from  a  Lymphatic  Growth  in  the  Liver. 
Those  to  the  left  are  the  ordinai'y  lymph- 
corpuscles  which  constituted  the  greater  part 
of  the  growth.  To  the  right  are  some  of  the 
larger  elements,    x  350. 

"t  being  esceedmgly  delicate,  is  much  coarser,  and  forms 
a  network  of  broad  homogeneous  or  slightly  fibrillated 
l>ands.  As  the  reticulum  increases  the  lymph  corpuscles 
-  radually  diminish  in  number  and  become  arranged  in 
smaller  groups  within  its  meshes.  (See  Fig.  39.)  These 
variations  in  the  proportion  of  cells  and  stroma  are  pre- 

FiG.  3!). 


Lijiii/ihoma. — Soctinii  of  a  firm  1  ynipluiiiia  of 
the  tnedia.stinura.  iShowiiig  a  very  thickened 
reticuhim,  within  the  irieshes  of  whicli  the 
lymphoid  cells  are  grouped,     x  200. 

ci.sely  analogous  to  those  met  with  in  lyraj^hatic  glands 
as  the  result  of  acute  and  chronic  inlhunmation.  (Sec 
"Inflammation  of  Lympliatic  Structures.'') 
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\  Development.—  The  lymphomata  originate  fortlie  moist 
part  from  lymphatic  tissue,  being  simply  overgrowths  of 
pre-existing  lymphatic  structiires— mainly  of  the  lym- 
phatic glands.  They  are,  therefore,  usually  homologous. 
They  may,  however,  be  heterologous,  either  owing  to  the 
new  tissue  extending  considerably  beyond  the  confines  of 
the  old,  or  to  its  growth  in  situations  where  it  is  normally 
almost  entirely  wanting.  This  latter  condition  obtains 
in  Hodgliin's  disease;,  and  in  certam  forms  of  lymphoma 
which  are  malignant. 

In  considering  the  development  of  these  growths  it 
must  be  borne,  in  mind  that  enlargements  of  lymphatic 
structures  are  most  frequently  of  an  inflammatory  nature, 
being  due  to  some  injury;  and  histologically,  as  already 
indicated,  there  is  but  little  difference  between  these  in- 
flammatory growths  and  lymphomatous  tumours.  The 
inflammatory  growths,  however,  tend  to  sul)side,  the 
tumours  continuously  to  increase.  Further,  the  develop- 
ment of  the  tumours  may,  like  i^hat  of  the  inflammatory 
growths,  be  determined  by  some  injury,  tbe  injury  pro- 
ducing perbaps  some  inflammation  and  enlargement  of 
the  gland,  but  this  instead  of  subsiding  continues  more 
or  less  rapidly  to  increase.  (See  "Etiology  of  Tumours.  ') 
Secondary  Changes.— The  lymphomata  do  not  un- 
dergo marked  retrograde  clianges.  There  is  no  fatty  de- 
o-eneration,  caseation,  or  softening,  such  as  occurs  m 
scrofulous  glands. 

Physical  CiiARACTErxS,  &c.^The  physical  characters  ot 
the  lymphomata  vary  according  to  the  rapidity  of  their 
growth.  The  rapidly-growing  forms,  in  which  the  cel- 
lular elements  are  so  numerous,  are  of  a  greyish-white 
colour  and  soft  brain-like  consistence,  much  reseinbhug 
encephaloid  cancer.  These  often  attain  an  enormous  size, 
and  inliltrate  the  neighbouring  structures.  They  have 
been  called  by  AHrcliow  hjmplio-tiarcoma.  Those  which 
are  more  slowly  developed,  and  in  which  the  reticulum 
constitutes  the  greater  portion  of  the  growth,  are  much 
harder  in  consistence,  sometimes  being  almost  carti- 
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laginous.  These  harder  growths  rarely  attain  a  large 
size. 

Clinical  Chaeacteiis.  —  Clinically,  the  lymphomata 
are,  for  the  most  part,  perfectly  innocent  tumours.  They 
originate  most  frequently  in  the  lymphatic  glands,  the 
■^land  imdergoiug  a  continuous  increase  in  size.  Some- 

imes,  as  already  stated,  the  enlargement  of  the  glands 
appears  in  the  first  place  to  be  of  an  inflammatory  nature 
and  to  result  from  some  irritation,  but  upon  this  being 

L'moved  the  glands,  instead  of  subsiding,  continue  to 
mcrease.  In  most  cases,  however,  no  such,  source  of 
irritation  is  discoverable.  The  glands  which  are  especially 
in-one  to  this  disease,  are  the  cervical,  the  submaxillary, 

he  axillary,  the  inguinal,  the  bronchial  and  mediastinal, 
-ind  the  abdominal  glands.  Usually  only  a  single  gland, 
i)T  a  single  group  of  glands,  is  ai?ected  ;  sometimes,  how- 

v-er,  the  growth  is  more  general.  As  the  glands  enlarge, 
:  hey  gradually  unite,  so  that  ultimately  they  may  form 
very  large  lobulated  tumours.  When  occurring  in  the 
mediastinum  they  may  invade  one  or  both  lungs,  and 
■  hey  constitute  here  the  most  common  form  of  mediastinal 

umour  (so-called  "Thoracic  Cancer").     The  lymiDhatic 

tructures  in  the  intestine  may  in  the  same  way  become 
enlarged,  and  project,  so  as  to  form  polypi. 

The  lymphomata  occasionally,  however,  exhibit  malig- 
nant properties.  This  is  especially  the  case  in  those 
richly  cellular,  soft,  rapidiy-growing  forms   which  arc 

■  sometimes  met  with.  Such  growths  may  rapidly  infil- 
t  trate  the  surrounding  structures,  involve  the  neighbouring 
i  lymphatic  glands,  and  even  infect  distant  parts.  To 
'  these  malignant  forms  the  term  lymiiliadmioma  is  some- 
times applied.    They  correspond  with  Virchow's  iympho- 

■  sarcoma. 

In  the  condition  known  as  "  Hodgkin's  Disease,"  :uid 
in  Lcukaimia,  lyraphomatous  gi'owths  are  met  with  in 
various  parts  of  the  body. 
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nODGKIN  S  DISEASE. 


This  diseiise  is  cliaracterised  by  the  enlargment  of  the 
lymiDhatic  glands  in  various  parts  of  the  body,  together 
with  the  development  of  lymphatic  growths  in  internal 
organs,  especially  in  the  spleen;  by  a  diminution  in 
the  number  of  red  corpuscles  in  the  blood;  and  by 
progressive  auasmia.  The  new  growths  are  precisely 
similar,  histologically,  to  lymphoma.  The  disease  was 
formerly  described  by  Hodgkin,  Bright,  Wilks,  and 
Trousseau,  and  is  called,  after  the  first-named  of  these 
observers,  "  Hodgkin's  Disease."  Trousseau  designated 
it  "  Adenie."  It  is  also  known  as  "  Anosmia  Lymphatica." 
It  is  allied  to  leukasmia,  but  differs  essentially  from  it  in 
this  respect,  that  the  new  formation  of  lymphatic  tissue 
is  not  associated  with  any  notable  increase  in  the 
number  of  the  white  cor]puscles  in  the  blood.  (See 
"  Leukasmia.") 

The  lymphatic  glands  are  usually  the  earliest  seats  of 
the  new  growth.  At  first  only  a  single  group  of  glands 
may  be  enlarged  ;  subsequently,  however,  the  process 
becomes  more  general,  and  the  glands  throughout  the 
whole  body  may  be  more  or  less  involved.  The  groups 
of  glands  most  frequently  aifected,  in  the  order  of  their 
frequency,  are  the  cervical,  the  axillary,  the  inguinal,  the 
retro-peritoneal,  the  bronchial,  the  mediastinal,  and  the 
mesenteric.  The  new  growth,  which  in  the  earlier  stages 
is  limited  to  the  glands,  gradually  breaks  through  the 
capsules  so  that  the  enlarged  glands  become  confiueut, 
and  form  large  lobulated  masses.  The  growth  may  also 
extend  still  further  beyond  the  confines  of  the  gland  and 
invade  and  infiltrate  the  adjacent  stn^ctures. 

This  new  growth  of  lymphatic  tissue,  wliich  commences 
in  and  often  extends  beyond  the  confines  of  the  lymphatic 
glands,  is  ultimat<,'ly  followed  by  the  formation  of  lym- 
phatic growths  in  various  internal  organs,  hwt  more  es- 
pecially in  the  spleen.  The  spleen  is  aflected  in  a  large 
proportion  of  cases.    Here  the  new  growth  originates  in 
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the  Malpighian  bodies,  and  so  gives  rise  to  disseminated 
uodules.  These  vary  in  size  from  minute  points  to 
masses  as  large  as  a  hazel-nut  or  walnut.  They  are 
usually  more  or  less  irregular  in  shape,  of  a  greyish  or 
yellowish-white  colour,  firmer  in  consistence  than  the 
splenic  tissue,  and  not  encapsuled.  In  addition  to  these, 
wedge-shaped  infarctions  surrounded  by  a  zone  of 
hyperasmia  are  sometimes  met  with,  similar  to  those 
which  are  often  seen  in  leuktemia.  The  spleen  itself  is 
inci'eased  in  size,  although  rarely  very  considerably  so  ; 
and  its  capsixle  is  usually  thickened,  and  often  adherent 
to  adjacent  organs.  In  quite  exceptional  cases  the 
spleen  is  not  the  seat  of  these  disseminated  growths, 
Init  is  simply  uniformly  enlarged,  like  the  leuktemic 
spleen. 

The  liver,  kidneys,  ahmentary  canal,  medulla  of  bone, 
lungs,  and  subcutaneous  tissue  may  all  become  involved, 
the  new  growths  occurring  either  as  nodules  of  various 
sizes  scattered  through  the  organs,  or  in  a  more  in- 
filtrated form,  like  many  of  those  met  with  in  leukaamia. 

Histologically,  the  new  growths  ai"e  precisely  similar 
to  the  lymphomata,  and  like  these  jjresent  diiiei'ences  in 
;  he  relative  proportions  of  cells  and  stroma,  the  richly 
cellular  forms  being  soft  and  pidpy,  whilst  those  in 
which  the  stroma  is  more  abundant  are  fii-mer  and  more 
fibrous  in  consistence.  Retrogi-essive  changes  rarely 
occur. 

With  regard  to  the  pathology  of  the  disease,  it  is  un- 
doubtedly obscure.  The  development  of  the  new  growths 
cannot  in  most  cases  be  regarded  as  the  result  of  infec- 
tion from  a  primary  centre,  as  the  process  is,  for  the 
most  part,  confined  to  the  lympliatic  structures,  and 
many  and  widely  distant  groups  of  glands  are  often 
simultaneously  involved.  The  disease  thus  ajDj^ears  to 
occupy  a  different  pathological  position  to  that  of  the 
malignant  tumours.  It  is  probable  that  there  is  some 
special  weakness  o£  the  lymphatic  structures  generally 
which  renders  them  prone  to  undergo  these  active  de- 
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velopmental  changes,  the  process  being  determined  by- 
some  constitntional  state  or  by  some  local  injury  of  the 
glands.  The  progresive  anajmia  which  accompanies,  bnt 
does  not  precede,  the  gland  affection,  is  due  to  the  pro- 
gressive implication  of  the  lymphatic  stmctures  and  to 
the  consequent  interference  with  the  formation  of  the 
blood-corpuscles. 

LEUKiEMIA. 

In  leulitemia,  as  in  Hodgkin's  disease,  there  is  usually 
a  development  of  lymphomatous  tissue  in  various  organs. 
The  disease,  however,  is  characterised  by  the  laree  in- 
crease in  the  number  of  the  white  corpuscles  in  the  blood, 
and  in  the  majority  of  cases  by  enlargement  of  the  spleen. 
It  is  this  alteration  in  the  blood  which  gives  leukasmia 
its  distinctive  characters — hence  its  name.  The  disease 
will  be  considered  subsequently,  when  treating  of 
"  Diseases  of  the  Blood." 


CHAPTER  XIX. 


THE  MYOMATA,  NEUROMATA,  AND  ANGIOMATA. 

THE  MYOMATA. 

The  myomata  are  tumours  consisting  of  muscular  tissue. 
A  new  formation  of  muscle  has  been  already  described 
as  being  frequently  associated  with  the  ordinary  process 
of  hypertrophy,  both  of  striated  and  of  non-striated 
muscle — a.  simple  hyperplasia  of  the  elements  of  the 
muscle  accompanying  the  increase  in  their  size.  (See 
"Hypertrophy.") 

Stjrdcture. — The  myomata  consist  either  of  striated  or 
of  non-striated  muscle.  The  former  are  exceedingly  rare, 
only  two  or  three  examples  having  been  recorded,  and 
these  were  congenital. 

The  myomata  of  non-striated  muscle  consist,  like  the 
physiological  tissue,  of  elongated  spindle-cells  with  rod- 
shaped  nuclei,  more  or  less  isolated  or  grouped  into  fas- 
ciculi of  various  sizes,  with  a  varying  quantity  of  con- 
nective tissue.  The  connective  tissue  is  often  exceedingly 
abundant,  especially  in  old  tumours,  so  much  so,  that 
these  growths  in  the  uterus — where  they  most  frequently 
occur — have  commonly  been  known  as  "fibroid"  tumoiirs. 
The  muscular  elements  either  present  a  more  or  less 
regular  arrangement,  or  pass  in  all  directions  through 
the  tumour.  The  blood-vessels,  which  are  iisually  not 
numerous,  are  distributed  in  the  connective  tissue. 

Development. — Striated  myoma  appears  to  originate 
in  the  urino-genital  organs,  and  to  be  usually  congenital. 
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The  mnch  more  common  non-striated  growths  probably 
always  originate  from  muscle.  These  may  form  dis- 
tinctly circumscribed  tumours  surrounded  by  a  fibrous 
capsule,  or  constitute  ill-defined  irregular  masses  in  the 
midst  of  the  muscular  tissue  in  which  they  grow.  They 
not  infrequently  become  pedunculated  and  form  polypi, 
especially  in  the  uterus. 

Secondary  Changes. — Of  these,  the  most  fi-equent  is 
calcification.  Hasmorrhage,  mucoid  softening,  and  the 
formation  of  cysts,  are  also  occasionally  met  with. 

Non-striated  myomata  are  most  frec[uently  met  with 
m  the  uterus.  They  may  also  occur  in  the  prostate,  in 
the  oesophagus,  and  in  the  stomach  and  intestines. 

Myoma  of  Uterus. — The  uterus  is  by  far  the  most  fre- 
quent seat  of  myomata,  and  here  they  constitute  the  so- 
called  "  uterine  fibroid."  In  most  of  these  muscular 
tumours  of  the  uterus  there  is  a  large  proportion  of 
connective  tissue — hence  the  term  "fibroid."  This  is 
especially  the  case  in  older  growths.  Those  newly  deve- 
loped, however,  consist  almost  entirely  of  true  muscular 
tissue.  They  either  form  firm  hard  masses,  imbedded  in 
the  uterine  walls,  or  project  into  the  uterine  or  abdominal 
cavities.  When  projecting  into  the  iiterus  they  consti- 
tute a  common  form  of  uterine  polypus.  These  tumours 
are  often  multiple.  Their  growth  is  slow.  The  older 
ones  are  liable  to  become  calcified.  They  also  sometimes 
undergo  mucoid  softening,  which  gives  rise  to  the  forma- 
tion of  cysts  in  the  tumour. 

Clinical  Chabactees. — Clinically,  the  myomata  are 
perfectly  innocent. 

THE  NEUROMATA. 

The  neuromata  are  tumours  consisting  almost  entirely 
of  nerve-tissue.  The  term  "  neuroma"  has  been  applied 
to  many  growths  found  in  connection  with  nerves : — 
fibrous,  myxomatous,  and  gummy  tumours  growing  with- 
in the  nerve-sheath  have  been  included  under  this  head. 
True  neuroma,  however,  is  rarely  met  with,  and  is 
amongst  the  least  frequent  of  all  the  new  formations. 
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Structure. — The  neuromata  most  commonly  consist 
of  ordiuary  medullated  nerve-fibres  ;  they  therefore  re- 
semble in  structure  the  cerebro-spinal  nerves,  from  which 
they  most  frequently  grow.  The  nerve-fibres  are  asso- 
ciated with  more  or  less  connective  tissue.  Virchow  has 
also  described,  as  exceedingly  rare  formations,  tumours 
composed  of  non-medullated  fibres,  and  of  ganglionic 
nerve-tissue. 

Development. — The  neuromata  always  originate  from 
pre-exi.sting  nerve-tissue, — either  from  the  cranial  or  from 
the  spinal  nerves.  Their  growth  is  slow,  they  rarely 
attain  a  large  size,  but  usually  exist  as  small  single 
nodules. 

The  most  frequent  seat  of  these  growths  is  the  extre- 
mities of  divided  nerves,  where  they  are  sometimes  found 
after  amputations.  They  exist,  in  this  situation,  as 
spherical  or  elongated  enlargements  of  the  divided 
extremity  of  the  nerve ;  and  they  are  usually  intimately 
connected  with  the  cicatricial  tissue  of  the  stump,  from 
which  they  can  only  with  difficulty  be  isolated.  They  may 
also  occur  in  the  course  of  the  nerves  in  any  situation, 
either  as  single  or  multiple  nodules. 

Clinical  Chakacters.— Clinically,  the  neuromata  are 
perfectly  innocent  tumours.  They  often  cause  consider- 
able pain. 

THE  ANGIOMATA. 

The  angiomata,  or  vascular  tumours,  are  tumours  con- 
sisting of  blood-vessels  held  together  by  a  small  amount 
of  connective  tissue.  They  include  the  various  forms  of 
na3vi,  the  erectile  tumours,  and  aneurism  by  anastomosis. 
They  may  be  divided  into  two  classes— the  simj)Ze  angio- 
mata, in  which  the  new  vessels  resemble  normal  arteries, 
veins,  or  capillaries  ;  and  the  cavornoun  angiomata.,  in 
which  the  blood  circulates  in  a  cavernous  structure  similar 
to  that  of  the  corpus  cavernosum  penis. 

Simple  Angtomata.— These  include  tlie  various  forms 
of  na3vi,  and  telangiectasis.   They  consist  of  tortuous  and 
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dilated  blood-vessels,  lield  together  by  a  small  quantity 
of  connective  and  adipose  tissue.  The  vessels  are  most 
of  them  of  new  formation ;  some,  however,  may  be  the 
original  vessels  of  the  part  which  have  become  consider- 
ably enlarged.  They  most  commonly  partake  of  the 
nature  of  capillaries,  but  in  other  cases  the  arterial  or 
venous  characters  predominate.  These  growths  are 
usually  small,  superficial,  slightly  elevated  masses ; 
although  they  sometimes  form  larger  tumours.  Their 
colour  is  red,  violet,  or  purple,  according  to  the  character 
of  the  blood  which  they  contain.  The  first-named  is 
much  the  most  frequent. 

Cavernous  Angiomata. — These  include  the  venous 
vascular  tumours,  erectile  tumours,  and  aneurism  by 
anastomosis.  They  consist  of  an  erectile  cavernous 
tissue,  closely  resembling  that  of  the  corpus  cavernosum 
penis.  The  growth  is  made  up  of  irregular  fibrous 
alveoli,  which  communicate  freely  with  one  anothei'.  and 
are  lined  with  an  endothelium  similar  to  that  of  the  veins. 
These  spaces  are  distended  with  blood,  usually  venous, 
which  is  supplied  to  them  by  numerous  tortuous  vessels, 
and  circulates  in  them  with  varying  degrees  of  rapidity. 
These  growths  are  commonly  of  a  bluish  colour.  They 
may  be  diffuse,  or  form  distinctly  circumscribed  tumours. 
They  often  exhibit  distinct  pulsation.  Their  favourite 
seat  is  the  skin  and  subcutaneoirs  tissue.  They  may 
also  occur  in  the  orbit,  in  muscle,  and  in  the  liver,  spleen, 
and  kidneys. 


CHAPTER  XX. 


THE    P  A  P  I  L  L  0  M  A  T  A. 

Thk  Papillomata  are  new  formations  resembling  in  struc- 
ture ordinary  papilla3,  and  like  these  tliey  grow  from 
cutaneous,  mucous,  or  serous  surfaces. 

Fig.  40. 


PdpiUoma.—Showwf;  a  single  onlargcd  papilla.  (Riiuinoiscli.) 

Stkuctuke.— They  consist  of  a^  basis  of  often  richly 
cellular,  connective  tissue,  supporting  blood-vessels,  which 
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terminate  in  a  capillary  network  or  in  a  single  capillary- 
loop,  tlie  whole  being  enveloped  in  a  covering  of  epithe- 
lium (Fig.  40).  The  epithelial  covering  varies  in  charac- 
ter in  different  growths.  In  those  of  the  skin,  it  is  often 
very  abundant,  and  the  superficial  layers  are  hard  and 
stratified,  forming  a  dense  firm  covering.  In  those 
originating  from  mucous  surfaces,  the  epithelium  forms 
a  thinner  investment,  and  is  of  a  much  softer  consistence ; 
whilst  in  those  growing  from  serous  membranes  it  often 
constitutes  only  a  single  layer. 

The  growth  may  be  simisle — consisting  merely  of  en- 
larged papillas,  as  in  a  common  wart ;  or  it  may  be  more 
complex,  the  papillas  being  very  numerous,  and  giving  off 
secondary  and  tertiary  offsets.  If  the  investing  epithe- 
lium be  veiy  abundant,  it  may  so  enclose  the  whole 
mass  as  to  give  to  it  a  more  or  less  regular  outline. 
More  commonly,  however,  this  is  not  the  case,  and  the 
epithelium  not  being  suiScient  to  fill  up  the  spaces 
between  the  papilla3,  the  growth  presents  a  branched, 
villous,  or  cauliflower  appearance.  The  blood-vessels  are 
often  very  numerous,  and  are  sometimes  dilated  and 
tortuous. 

Development. — The  papillomata  always  originate  from 
the  skin,  from  mucous,  or  from  serous  membranes  ;  and, 
as  already  stated,  they  usually  owe  theii'  origin  to  some 
irritation,  and  must  be  regarded  as  occupying  an  inter- 
mediate position  between  inflammatory  growths  and 
tumours.  They  most  frequently  grow  from  pre-existing 
isapillaa ;  sometimes,  however,  they  occur  where  no  papillae 
exist,  springing  directly  from  the  sub-epithelial  connective 
tissue : — this  is  the  case  in  the  stomach  and  larynx.  Their 
growth  is  usually  slow.  The  individual  tumours  rarely 
attain  a  very  large  size,  the  larger  forms  being  for  the 
most  part  constituted  of  several  smaller  growths. 

Secondaby  Changes. — Of  these,  irlceration  and  hremor- 
rhage  are  the  most  frequent.  They  occur  especially  in 
those  growths  which  originate  from  mucous  surfaces. 
The  ha3morrhage  is  often  very  abundant,  and  may  even 
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endanger  life.  This  is  not  unfreqnently  the  case  in  the 
papillary  growths  of  the  bladder  and  intestine. 

V.utiETiES. — The  varieties  of  papillary  tumours  depend 
pi'incipally  upon  their  seat.  Those  growing  from  the 
skin  incliide  ivarts  and  horny  groivtlis.  Warts  are  firm, 
have  a  dense  epithelial  covering,  and  are  less  prone  to 
ulceration  and  hasmorrhage  than  those  growing  upon 
other  parts.  Horny  growths  appear  usually  to  originate 
in  the  sebaceous  follicles,  by  a  continuous  prohferation  of 
their  epithelium.  The  epithelium,  together  with  the 
sebaceous  secretion,  forms  a  projecting  horn,  which 
increases  by  growth  at  its  base.  Such  formations  hardly 
come  within  the  definition  of  papilloma.  Larger  and 
more  vascular  papillar}'  tumours  may,  however,  occur  on 
cutaneous  surfaces — such  are  the.  condylomata  and  vene- 
real -warts  mot  with  around  the  anus  and  upon  the 
external  male  and  female  genital  organs  as  the  result  of 
irritating  secretions. 

The  papillomata  of  mucous  membranes  are  softer  and 
more  vascular  than  the  preceding,  they  have  a  less  dense 
epithehal  covering,  and  are  more  prone  to  ulceration  and 
htemorrhage.  Many  of  them  come  within  the  category 
of  mucous  polypi.  They  are  met  with  on  the  tongue,  in 
the  lai^nx  and  nose,  on  the  gastro-intestinal  mucous 
membrane,  on  the  cervix  uteri,  and  in  the  bladder.  In 
the  bladder  and  intestine  they  are  often  exceedingly 
vascular,  and  give  rise  to  profuse  haamorrhage.  Here 
they  are  not  unfrequently  confounded  with  villous  epi- 
thelioma. 

Papillomata  of  serous  membranes  never  form  distinct 
tumours.  They  are  met  with  most  frequently  as  small 
outgrowths  from  the  synovial  membrane  in  chronic 
di.seases  of  joints. 

Cr.iNiCAL  Cmauacters.— Clinically,  the  papillomata  aro 
innocent  growths.  They  may,  however,  prove  fatal  from 
continuous  ulceration  and  htemorrhage  :  this  is  especially 
the  case,  as  already  mentioned,  in  papillomata  ot  the 
bladder  and  intestine.    In  these  situations  they  are  easily 


156 


NUTRITION  INCEEASED. 


mistaken  for  epithelioma  ;  the  symptoms  of  both  are  very 
similar,  and  it  is  often  only  after  death  that  they  can  be 
distinguished.  In  the  papillomata  the  epithehum  is 
homologous,  being  situated  only  uijon  the  surface  of  the 
papillas,  and  in  no  case  growing  vyithin  their  connective 
tissue  basis.  In  the  epitheliomata,  on  the  other  hand, 
it  is  heterologous,  and  it  is  met  with  at  the  base  of  the 
tumour  in  the  siibjacent  connective  tissue.  (See  Fig.  61.) 
It  is  important  to  remember  that  a  growth  which  is 
jDrimarily  a  simple  papilloma  may  snbsec[uently  become 
an  epithelioma.    (See  "Epithelioma.") 


CHAPTER  XXI. 


THE  ADENOMATA. 


The  Adenomata— or,  as  they  are  more  commonly  called, 
jlandular  tumours — are  new  formations  of  gland-tissue. 

Fig.  41. 


Adenoma  of  Mammn.    x  200,  reduced  J. 

Stktjcturk. — In  structure  the  adenomata  resemble  the 
racemose  or  tubular  glands. 


158 


NUTRITION  INCEEASED. 


The  racemose  adenomata  consist  of  numerous  small 
saccules  or  acini,  lined  witli  small  epithelial  cells,  which 
are  often  two  or  three  layers  deejD.  The  acini  communi- 
cate with  each  other,  and  are  grouped  together,  being 
merely  sejsarated  by  connective  tissue,  in  which  are  con- 
tained the  blood-vessels.  The  connective  tissue  varies  in 
amount.  It  may  resemble  the  normal  tissue,  ~  or  if 
growing  rapidly  it  will  be  much  more  richly  cellular.  It 
sometimes  contains-  spindle  elements.  The  stmcture  of 
these  tumours  is  well  shown  in  the  accomj^anying  drawing^ 
made  from  a  specimen  kindly  lent  to  me  by  Mr.  Canthe. 
(Fig.  41.) 

Many  new  growths,  however,  contain  a  large  amount 
of  this  gland-tissue  which  are  not  strictly  adenomata. 
All  growths  originating  in  glandular  organs  may  be  asso- 
ciated with  more  or  less  glandular  structure.  In  the 
mamma,  for  example,  sarcoma,  myoxma,  and  other  forms 
of  tumour,  are  often  so  intermingled  with  the  gland- 
tissue  of  the  organ  that  it  becomes  difficult  to  say  which 
is  the  predominant  sti'ucture.  In  many  cases  it  is  evident 
that  the  development  of  such  tumours  is  accompanied 
by  an  increase  of  the  gland-tissue  amongst  which  they 
grow.  Thus  are  produced  mixed  forms — adeno-fihroma, 
adeno-sarcoma,  adeno-viyxoma,  &c. 

The  tubular  adenomata  grow  from  mucous  membranes, 
and  consist  of  groups  of  tubules  Hned  with  epithelium. 
They  will  be  again  alluded  to  hereafter. 

Development. — The  adenomata  always  originate  from 
pre-existing  gland-structvires,  of  which  they  are  simply 
local  hyperplasias.  Their  growth,  which  is  usuall}'  slow, 
takes  places  by  the  development  of  diveiiicula  from  the 
saccules  or  tubules  of  the  gland,  and  by  a  proliferation 
of  the  enclosed  epithelium.  The  new  growth  may  remain 
in  intimate  relation  with  the  adjacent  gland,  or  it  may 
ultimately  become  separated  from  it  by  a  fibrous  capsule. 

Secondahy  Changes.— The  most  Irequent  of  these  is 
fatty  degeneration  of  the  epithelium,  which  may  give  rise 
to  the  formation  of  small  caseous  masses  in  the  growth. 
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Dilatation  of  the  saccules  and  tubiiles  so  as  to  form  cysts, 
1  and  mucoid  softening,  are  also  common. 

Vauieties. — Adenoma  of  Mamma- — The  mamma  is 

much  the  most  common  seat  of  adenoma.  Here  two 
•varieties  must  be  distinguished — one,  in  which  there  is 
:  a  general  hyperplasia  of  the  whole  gland ;  the  other,  in 

■  which  the  process  is  limited  to  smaller  or  larger  groups 

■  of  lobules.  The  former  constitutes  hyjDertrophy  of  the 
mamma,  the  latter  is  the  chronic  mammary  or  adeyioicl 
tumour.  Pure  adenoma  of  the  mamma,  however,  is  not 
common.   (See  Fig.  41.)   Many  tumours  in  this  situation 

'  described  as  adenomata  are  fibrous,  sarcomatous,  or 
myxomatous  growths  in  which  is  contained  a  varying 
amount  of  gland-tissue.  The  distinction  between  such 
growths  and  pure  adenoma  is  often  diiEcult.  The  adeno- 
mata are  either  superficially  or  deeply  seated  in  the 
gland,  from  which  they  are  usually  separated  by  a  loose 
fibrous  capsule.  They  are  commonly  round  or  oval  in 
shape,  lobular,  and  of  a  hard  elastic  consistence.  On 
section  they  often  present  a  lobulated  appearance,  their 
racemose  structure  being  sometimes  visible  to  the  naked 
eye. 

Adeno-Fibroma  and  Adeno-Sarcoma  of  Mamm.a. — These 
are  more  common  than  pure  adenoma.  In  them  the  con- 
nective tissue  between  the  acini  of  the  gland  undergoes 
active  changes,  and  forms  a  fibro-cellular,  spindle-celled, 
or  round-celled  structure,  amongst  which  the  acini  are 
embedded.  (Fig.  42.)  In  many  cases  it  is  difficult  to 
determine  whether  the  glandular  structure  is  really  in- 
creased in  amount,  whilst  in  others  it  is  so  abundant 
that  such  is  evidently  the  case.  These  tumours  form 
lobulated  masses  of  a  firm  consistence.  They  grow 
slowly,  and  rarely  ulcerate.  lu  most  cases  they  contain 
cysts.  Many  of  these  are  lined  with  cylindrical  epithe- 
lium and  are  formed  by  the  dilatation  of  the  ducts  of 
the  gland;  others  appear  to  originate  from  localised 
softenings  of  the  tissue.  These  cysts  arc  usuiilly  very 
numerous,  and  they  often  attain  a  large  size.    They  are 


160 


NUTEITION  INCREASED. 


frequently  seen  mncli  flattened,  so  as  to  present  tlie 
appearance  of  fissures  running  amongst  tlie  growth. 
In  other  cases  they  are  more  or  less  completely  filled  by 
masses  of  the  tumour  which  have  grown  into  their  in- 
terior. This  formation  of  cysts  in  these  tumours  has 
given  rise  to  the  terms  cystic-sarcoma,  cystic-adenoma,  &c. 

Fig.  J2. 


Adeno- Fibroma  of  Miimmn. — bliowuig  new  growth  of  glaiui- 
structiu'c  iiud  of  cofuiectivo  tissue,     x  100,  reduced  h 

Adevoma  of  Mucous  Momhranes.  —  The  glandular 
structures  of  mucous  membranes  arc  also  common  seats 
of  adenoid  growths,  and  here  they  are  usually  of  the 
tubular  variety.  In  the  nose,  the  iiluiryux,  the  stomach, 
the  intestines,  the  vagina,  and  uterus,  those  growths  are 
sometimes  met  with.  In  course  of  time  they  usually 
gradually  jirojcct  above  the  surface  of  the  membrane  so 
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as  to  form  a  polyiDtis,  and  thus  constitute  one  of  the 
forms  of  inucQHs  pohjj>i.  In  consistence  they  are  soft 
and  somewhat  gelatinous,  and  often  present  a  semi- 
translucent  appearance.  Their  surface  resembles  in 
coloi;r  the  surrounding  mucous  membrane.  The  forma- 
tion in  them  of  cysts,  by  the  dilatation  of  their  tubules, 
is  exceedingly  frequent :  the  cysts  usually  contain  a  soft 
mucoid  substailce.  Adenoma  of  raucous  membranes  often 
liecomes  cancerous  (see  "  Cylindrical  Epithelioma,"  or 
Adenoid  Cancer.") 

Clinical  Characters. — Clinically,  the  adenomata  are 
[lerfectly  innocent ;  they  are,  however,  very  liable  to  be 
i-onfonnded  with  growths  possessing  malignant  proper- 
ties. A  tumour,  also,  which  is  piimarily  a  simple 
adenoma,  may  subsecpiently  become  cancerous.  Th« 
anatomical  distinction  between  carcinoma  of  a  gland  in  its 
earlier  stages  and  a  simple  glandular  tumour  is  often 
exceedingly  diificult,  especially  in  the  mamma  and 
mucous  membranes.  In  cancer  the  growth  appears  to 
commence  by  a  proliferation  of  the  epithelium  within 
the  ducts  of  the  gland,  and  as  the  epithelium  only  sub- 
sequently becomes  heteroplastic,  the  determination  of 
the  nature  of  the  tumour  in  this  stage,  is  necessarily 
attended  with  considerable  difficulty.  This  will  be  again 
alluded  to  when  speaking  of  cancer.  (See  "  Structure 
of  Carcinoma.")  In  sarcomatous  tumours,  again,  ori- 
ginating in  the  connective  tissue  of  a  gland,  the  ducts  ol 
the  gland,  filled  with  epithelium,  are  often  seen  embedded 
in  thij  new  growth,  and  thus  the  appearance  of  adenoma 
may  be  closely  simulated. 


M 


CHAPTER  XXII. 


THE  SAECOMATA. 

TuE  sarcomata  are  ttimotirs  consisting  of  embryonic  con- 
nective tissue.  Of  these  there  are  several  varieties, 
depending  ujion  the  size  and  configuration  of  the  cells, 
and  the  nature  of  the  intercellular  substance.  They  in- 
clude what  have  generally  been  known  in  tliis  country  as 
fihro-'plastic,fibro-nudeated,  recurrent-fibroid,  and  myeloid 
tumours.  Many  growths  formerly  described  as  "  cancers" 
also  belong  to  this  class  of  new  formations. 

Connective  tissue  in  its  embryonic  condition  is  an  im- 
mature tissue  in  a  state  of  rapid  development.  In  its 
most  immature  state  it  differs  from  the  fully  developed 
tissue  in  consisting  almost  entirely  of  small  round  ceUs, 
whilst  its  intercellular  substance,  instead  of  being  fibrous, 
is  soft  and  amorphous.  This  is  the  common  condition  of 
connective  tissue  in  the  primary  stages  of  all  rapid  for- 
mative processes,  as  already  described  when  speaking  of 
it  as  the  tissue  from  which  many  tumours  of  the  con- 
nective-tissue class  originate  (see  "Development  of 
Tumoui's"). 

In  the  process  of  development  of  this  embryonic  into 
mature  connective  tissue,  the  cells  diminish  in  number, 
many  of  them  assume  a  spindle  shape,  and  the  inter- 
cellular substance  fibrillates.  Similar  changes  are  seen 
in  inflammatory  conditions  of  connective  tissue.  Here 
also  many  of  the  small  round  cells  which  constitute  the 
"  granulation  tissue"  become  spindle  cells,  and  the  granu- 
lation tissue  ultimately  develops  into  the  fibrous  tissue  of 
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the  cicatrix.  In  the  sarcomata,  however,  the  connective 
tissue  retains  the  embryonic  state  throughout  its  growth, 
there  is  a  progressive  formation  of  embryonic  tissue ;  and 
although  the  process  of  cleveloiDment  ma}^  occasionally 
proceed  in  certain  parts  of  the  tumour  to  the  formation 
of  a  more  highly  developed  structure,  as  fibrous  tissue, 
cartilage,  or  bone,  so  that  a  mixed  form  of  tumour  is 
produced,  it  usually  ceases  at  the  embryonic  stage. 

Struct QRE. — The  sarcomata  may  thus  be  defined  as 
tumours  consisting  of  connective  tissue  which  throughout 
its  growth  retains  the  embryonic  type.  The  cells,  which 
constitute  nearly  the  whole  of  the  growth,  consist  for  the 
most  part  of  masses  of  nucleated  protoplasm,  and  rarely 
possess  a  limiting  membrane.  They  present  many  varia- 
tions in  size  and  form  ;  as  a  rule,  however,  they  preserve 
the  same  general  characters  in  the  same  tumour.  There 
are  three  principal  varieties — the  round,  the  fusiform, 
and  the  myeloid  cells. 

The  round  cells  are  many  of  them  indistinguishable 
from  lymph-cells  or  white  blood-corpuscles.  Others  are 
somewhat  larger  and  contain  an 
indistinct  nucleus  with  one  or 
more  bright  nucleoli :  these 
more  closely  resemble  the  cells 
of  a  granulation. 

The  fus  if  arm,  or  sjj  indle-sliapcd 
cells  are  the  so-called  "  fibro- 
plastic cells."  (Fig.  43.)  They  are 
long  narrow  cells,  terminating  at 
each  end  in  a  fine  prolongation. 
Some  of  them  may  be  broader, 
approaching  the  epithelial  type ; 
others  more  or  less  stellate. 
They  are  sometimes  slightly 
granular,  and  they  enclose  a 
long  oval  nucleus,  with  or  without  nucleoli.  In  size  they 
vary  cousiderably.  These  cells  represent  a  higher  state  of 
development  than  the  round  cells,  resembling  those  mot 
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Fig.  43. 


CpIU  from  n  Sphidle-ccUcd 
Sarcoma,     x  350. 
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with  in   embryonic  tissue  which  is  in  the  process  of 
forming  niatu re  connective  tissue.    (See  Fig.  97,  li.) 

The  myeloid,  or  mother  cells,  are  much  larger  than 
either  of  the  preceding,  and  are  analogous  to  the  cells 
met  with  in  the  medulla  of  fcetal  bone.  (See  Fig.  .51.) 
They  are  large  irregular-shaped  masses  of  nucleated  pro- 
toplasm, for  the  most  part  more  or  less  spherical,  and 
often  possessing  numerous  offshoots.  They  are  finely 
granular,  and  contain  several  round  or  roundly-oval 
nuclei,  each  with  one  or  more  bright  nucleoli.  The  nuclei 
may  be  exceedingly  numeroxis,  one  cell  containing  as 
many  as  thirty.  Both  the  cells  and  nuclei  vary  con- 
siderably in  size. 

An  iider cellular  suhsiance  exists  in  all  the  sarcomata, 
although  it  is  usually  small  in  quantity,  the  cells  lying 
in  nearly  close  apposition.  It  may  be  perfectly  fluid 
and  homogeneous,  or  firmer  and  granular,  or  more  or 
less  fibrillated.  Chemically  it  yields  albumen,  gelatin, 
or  mucin. 

The  hlood-vessels  are  usually  very  numerous,  and  are 
either  in  direct  contact  with  the  cells,  or  separated  from 
them  by  a  little  fibrillated  tissue.  Their  distribution  is 
very  irregular,  and  their  walls  often  consist  of  embryonic 
tissue  similar  to  that  of  the  growth  which  they  supply ; 
hence  the  frequency  with  which  rupture  and  extravasa- 
tion of  blood  take  place. 

Development. — The  sarcomata  always  originate  from 
connective  tissue — either  from  the  subcutamtous,  the  sub- 
mucous, or  the  subserous  tissues,  the  fascice,  the  con- 
nective tissue  of  organs,  the  periosteiim,  or  the  medullary 
tissue  of  bones.  Their  growth  is  usually  difiruse;  they 
increase  by  the  continuous  invasion  of  their  connective- 
tissue  matrix,  so  that  no  line  of  demarcation  exists  be- 
tween the  two.  They  frequently  also  invade  other 
tissues,  the  elements  of  the  growth  extending  for  some 
distance  into  the  surrounding  structures.  This  infiltra- 
ting tendency  of  the  sarcomata  varies  considerably  in 
the  different  varieties,  being  much  more  marked  in  the 
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round-celled  than  in  the  spindle-oelled  and  myeloid 
i4-rowtlis.  A  circumscribed  growtli  is  less  common.  A 
sarcomatous  tumour,  however,  often  becomes  eucai^suled, 
and  growth  takes  place  within  the  capsule ;  but  even  in 
this  case  the  capsule  is  sometimes  merely  that  of  the 
part  within  which  the  growth  originates,  as  the  perios- 
teum, or  the  capsule  of  a  lymphatic  gland. 

Second^uiy  Cua^ges. — The  most  important  of  these  is 
fatty  degeneration.  This  always  occurs  to  a  greater  or 
loss  extent  in  the  older  portions  of  the  growth,  causing 
s.jftening,  or  the  production  of  cyst-like  cavities.  It  is 
frequently  associated  with'  destruction  of  the  blood-' 
vessels  and  haamorrhage  :  the  latter  may  give  rise  to  the 
formation  of  sanguineous  cysts.  (See  "Blood-Cysts.") 
Calcification,  ossification,  and  mucoid  degeneration  are 
less  common.  The  occurence  of  calcification,  ossification, 
and  pigmentation  is  influenced  by  the  predisposition  of 
the  matrix  from  which  the  gi'owth  is  produced  — thus, 
calcification  and  ossification  are  more  prone  to  occur  in 
tumours  originating  in  connection  with  bone,  pigmenta- 
tion in  those  originating  from  the  cutis  or  eyeball. 

Varieties. — Although  all  the  sarcomata  possess  the 
same  general  characters,  they  present  many  histological 
and  clinical  differences  which  may  serve  as  bases  for 
their  classification.  The  occurrence  of  various  secondary 
changes — pigmentation,  mucoid  degeneration,  and  the 
formation  of  cysts,  impart  their  respective  characters  to 
the  growth;  hence  melanotic- sareoma  and  cystic-sarcoma, 
have  been  described  as  distinct  varieties.  This  is  to  a 
certain  extent  justifiable,  inasmuch  as  sarcomata  which 
have  undergone  these  transformations,  in  many  cases 
possess  the  property  of  reproducing  the  same  characters 
when  they  occur  secondarily  in  other  parts.  Then,  again, 
as  adroady  stated,  sarcomatous  tumours  are  sometimes 
comidex  in  their  structure,  and  arc  associated  with  other 
tissues  belonging  to  the  connective-tissue  group.  A  com- 
bination of  sarcoma  with  fatty,  cartilaginous,  osseous, 
and  mucous  -tissue,  is  thus  not  uncommonly  met  with. 
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This  is  owing  to  the  embryonic  tissue  exhibiting  a  ten- 
dency to  develop  into  the  different  varieties  of  connective 
tissue.  (See  "  The  Tumours.")  The  mixed  forms— 
rJirondro-sarcoma,  osteo-sarcovia,  inyxo-sarcoma.  &c.,  are 
thus  produced.  The  following  histological  classification, 
based  upon  the  three  different  forms  of  cells  already 
described,  is  the  one  generally  adopted.  It  must,  how- 
ever, be  borne  in  mind,  that  all  the  varieties  of  cells  may 
be  found  in  the  same  tumour,  although  the  majority 
are  usually  of  the  same  type ;  hence,  the  majority  will 
determine  the  class  to  which  the  growth  belongs. 

o  o 

SPINDLE-CELLED  SAUCOIIA. 

These  tumours,  which  include  the  growths  described 
by  Paget  in  this  country  as  "  fibro-plastic,"  and  "recur- 
rent fibroid,"  are  the  most  common  of  all  the  sarcomata. 
They  consist  mainly  of  spindle-shaped  and  fusiform  cells 
lying  nearly  in  close  contact,  with  a  little  homogeneous 
or  slightly  fibrillated  intercellular  substance.  The  cells, 
which  contain  well  marked  oval  nuclei,  with  one  or  more 
nucleoli,  are  parallel  to  one  another,  and  are  arranged  in 
bundles  which  pass  in  all  directions  through  the  growth, 
often  giving  to  it  a  somewhat  fibrous  appearance.  In 
those  portions  of  the  section  in  which  the  bundles  of 

, ,  spindle-elements   have    been  cut 

Fig.  44. 

transverseljs  they  present  the  ap- 
pearance of  round  cells.  The  cells 
vary  con  siderabljnn  size  in  different 
tumours,  hence  the  division  into 
small  and  large  spindle-celled 
growths. 

Small  Spindle-celled  Sarcoma. — 
Smrill  Spliidh'-ci'lk'd  Sfir-  In  these  the  cellular  elements  are 

'^^     ^  inch  in  length,  and  the  intercellular 

substance  is  occasionally  imperfectly  fibrillated.  (Fig.  44.) 
These  growths  approach  therefore  the  confines  of  the 
fibromata,  and  histologically  they  must  be  regarded  as 
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Dccupyiug  an  intermediate  place  between  embiyonic  and 
fnlly-developcd  connective  tissne.  They  grow  from  the 
periosteum,  the  fascias,  and  from  connective  tissue  in 
other  jDarts.  They  are  usually  tolerably  firm  in  con- 
sistence, of  a  whitish  or  pinkish -white  colour,  and  for 
tlie  most  part  present,  on  section,  a  translucent  somewhat 
fibrillated  appearance.  They  are  often  encapsuled,  much 
more  frequently  so  than  the  other  varieties  of  sarcoma, 
but  they  are  very  liable  to  infiltrate  the  surroxindiug 
structures,  and  to  recur  locally  after  removal. 

Large  iSyi mile- celled  Sarcoma.— The  cellular  elements 
in  these  tumours  are  much  larger  than  in  the  preceding. 

Fig.  45. 


Large  Sptndle-velli'tl  Srircoma.  To  the  left— tlie  cells 
liavo  been  separated  by  teasing,  so  that  their  individual 
forms  are  apparent:  to  the  right — they  are  in  their 
natural  state  of  apposition,  sueh  as  would  bo  seen  in  a 
thin  section  of  the  tumour.  (Vircliow.) 

The  cells  are  plumper,  and  the  nuclei  and  nucleoli  are 
especially  prominent,  and  frequently  multiple.  (Fig.  45.) 
The  intercellular  substance  is  more  scanty,  and  there  is  a 
complete  absence  of  any  fibrillation.  These  growths  are 
much  softer  in  consistence  than  the  small-celled  variety. 
They  are  of  a  pinkish-white  colour,  and  are  often  stained 
by  extravasations  of  blood,  and  sometimes  in  parts  are 
almost  diffluent  from  extensive  fatty  degeneration.  They 
grow  rapidly,  and  arc  usually  exceedingly  malignant. 
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IVIelanotic  Sakcoma. — This  is  a  variety  of  sarcoma  in 
which  many  of  the  cells  contain  granules  of  dark-coloured 
pigment.  By  far  the  greater  number  of  melanotic  tumours 
are  sarcomata,  and  most  of  the  growths  which  were  for- 
merly described  as  "  melanotic  cancers,"  belong  in  reality 
to  this  class  of  new  formations.  Not  only  are  these 
melanotic  tumours  most  frequently  sarcomata,  but  the 
majority  of  them  consist  mainly  of  spindle-shaped  cells — 
hence  they  are  described  in  the  present  section. 

The  melanotic  sarcomata  originate  j^rmcipally  in  two 
■  situations — in  the  choroid  coat  of  the  eye,  and  in  the 
superficial  integuments.  In  both  of  these  situations 
pigment  is  a  normal  constituent  of  the  tissues,  and  this 
tendency  of  structures  normally  containing  pigment  to 
originate  melanotic  growths,  is  exceedingly  characteristic. 
(See  "Pigmentary  Degeneration.")  These  tumours 
iiaually  consist  of  spindle-shaped  cells,  although  in  some 
cases  the  prevailing  tj'pe  of  their  elements  is  round  or 
oval.  {Fig.  46.)  The  pigment,  which  gives  to  them  their 
distinctive  characters,  consists  of  granules  of  a  brownish 
or  dart  sepia  colour,  which  are  distributed  within  the 
cells.  (Fig.  46,  c.)  Frequently,  only  a  very  small  pro- 
portion of  the  cells  are  pigmented,  whilst  in  other  tumours 
the  jDigmentation  is  much  more  universal;  in  all  cases, 
however,  a  large  number  of  the  elements  will  be  found  to 
be  quite  free  from  pigment. 

These  melanotic  tumours  are  amongst  the  most  malig- 
nant of  the  sarcomatous  growths.  Although  they  have 
comparatively  but  little  tendency  to  extend  locally,  the}" 
are  disseminated  by  means  of  the  blood-vessels,  and  occa- 
sionally also  by  the  lymphatics,  and  thus  reproduce  them- 
selves often  very  rapidl}'  in  distant  tissues.  In  doing 
so,  although  they  almost  invariably  maintain  their  mela- 
notic characters,  the  degree  of  the  pigmentation  of  the 
secondary  tumours  varies  considerably.  Whilst  many  of 
them  may  be  ]ierfectly  black  in  colour,  others  may  be 
much  paler,  and  23erhaps  only  partially  streaked  with 
pigment.    The  secondary  growths  are  soft,  irsually  dis- 
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tiuctl}'  circumscribed,  and  often  encapsnlcd.  They  may 
occur  iu  almost  every  organ  of  the  body — the  liver,  the 
spleen,  the  kidneys,  the  lungs,  the  heart,  the  brain  and 
spinal  cord,  and  also  the  lymphatic  glands  and  snb- 
cutaueous  tissue,  may  all  be  simultajieously  involved. 

Fig.  46. 


y/  Melanotic  Sarcoma  of  the  Penis. 

A.  — A  thin  .section,  sliowing  the  general  arnmgi'nieiit  of 

the  elements,     x  2U0. 

B.  — A  section  from  the  periplieral  jiart  of  the  growtli, 

showing  the  "  indifferent  cells,"  amongst  whioli 
are  small  isolated  pigmented  elements.  At  «,  a 
blood-vessel  is  seim.    x  20U. 

C.  — Some  of  the  elements  sc[i;i.rated  by  teasing.    In  these 

the  pigment-granules  are  well  seen,     x  4U0. 

I  have  observed,  that  when  occurring  in  internal  organs, 
the  pigmentation  is  not  always  limited  to  the  secondary 
nodules,  but  that  many  of  the  cells  jiroper  to  the  organ 
itself  are  filled  with  granules  of  similar  pigment,  which  is 
most  abundant  in  those  cells  which  are  immediati^ly 
adjacent  to  the  new  growth.    This  pigmentation  of  the 
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cells  of  the  organ  often  extends  for  some  difstance  beyond 
tlie  confines  of  the  tumour. 

Osteoid  Sarcoma. — This,  which  is  often  known  as 
"  osteoid  cancer,"  is  a  variety  of  sarcoma  (usually  of 
spindle-celled  sarcoma)  in  which  the  growth  is  either 
more  or  less  calcified,  or  has  partially  become  converted 
into  true  bone.  As  a  primary  growth  it  is  met  with 
almost  exclusively  in  connection  with  bone,  growing 
either  from  the  periosteum  or  the  medulla.  The  osteoid 
characters  are  usually  reproduced  in  the  secondary 
tumours  occurring  in  the  lungs  and  in  other  parts. 

Simple  calcification  is  much  more  common  than  true 
ossification.  Here  the  growth  merely  becomes  infiltrated 
with  calcareous  salts,  which  may  be  dissolved  out  with 
a  little  dilute  hydrochloric  acid,  when  the  characteristic 

Fig.  47. 


Osteoid  Sarcoma.  —From  a  secondary  tiiiiioiir  of  the  hiug. 
Sliowiug  the  calcification  of  a  spindle-cellcci  growtli,  aud 
the  fornintioii  of  broad  bands  of  calcified  intercellular  ma- 
terial euclosing  spaces  wliich  contain  round  and  oval  cells. 
X  200. 

sarcomatous  structure  becomes  revealed.  In  other  cases 
this  calcification  is  associated  with  the  conversion  of  por- 
tions of  the  tumour  into  true,  although  usually  imperfect, 
bone.  When  this  has  occurred,  there  wnR  be  seen 
amongst  the  spiudle- shaped,  round,  or  myeloid  elements, 
tracts  of  tissue  consisting  of  broad  bands  of  granular^ 
intercellular  material,  infiltrated  with  calcareous  salts," 
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enclosing  spaces  whicli  contain  spindle,  oval, or  round  cells. 
(Fig.  47.)  This  structure  often  much  resembles  carti- 
lage. In  other  parts  of  the  growth,  where  the  change  is 
more  advanced,  may  be  seen  lacunas  and  even  canaliculi 
such  as  are  found  in  trae  bone. 

In  these  osteoid  growths  it  is  most  important  to  recog- 
nise the  existence  of  the  sarcomatous  element,  inasmuch, 
as  it  is  the  presence  or  absence  of  this  which  determines 
the  innocent  or  malignant  nature  of  the  growth.  Osteoid 
sarcoma  must  be  carefully  distinguished  from  the  simple 
osseous  tumour. 

KOUND-CELLED  SARCOMA. 

This  is  of  softer  consistence 
than  the  spindle-celled  growths, 
and  from  its  f  rec^uent  i-esemblance 
in  physical  characters  to  ence- 
phaloid,  it  is  sometimes  known  as 
••  medullary,"  "  encephaloid,"  or 
■'  soft  "  sarcoma.  Histologically, 
it  is  elementary  embryonic  tissue, 

consisting  mainly  of  the  round  a  thin  .sectiou  of  a  small 
cells  already  described,  embedded  round-celled  sarcoma  of  the 
in  a  scanty  and  usually  soft,  ^ 
homogeneous,  or  finely  granular  intercellular  substance. 
(Fig.  48.)  The  cells  usually  resemble  those  met  with  in 
the  most  elementary  embryonic  tissue ;  less  frecpently, 
they  are  larger,  and  contain  large  round  or  oval  nuclei, 
with  bright  nucleoli.  There  is  an  almost  complete  absence 
of  fusiform  cells,  and  of  the  partial  fibrillation  which  is  so 
frequent  in  the  moi-e  highly  developed  spindle-celled 
variety. 

The  round-celled  sarcomata  are  of  a  imiforni,  soft, 
brain-like  consistence,  somewhat  translucent  or  opaque, 
and  of  a  greyish  or  reddish-white  colour.  On  scraping 
the  cut  .surface,  they  yield  a  juice  which  is  rich  in  cells. 
They  are  exceedingly  vascular,  the  vessels  often  being 
dilated  and  varicose,  and,  from  their  lialiilty  to  rupture, 
they  frequently  give  rise  to  ecchyiuoses  and  to  the  forma- 


FiG.  48. 


Itoiind-ceUed  Sarcoma. — 
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tion  of  sanguineous  cysts.  (See  "Blood  Cysts.")  Tliej' 
grow  from  the  cutis,  the  subcutaueons  cellular  tissue,  the 
periosteum,  the  fascia3,  and  from  the  connective  tissue  of 
organs.  They  extend  rapidly  \)y  peripheral  growth,  infil- 
trate the  surrounding  structures,  reproduce  themselves 
iu  internal  organs,  aud  often  involve  the  lymphatic 
glands.  From  their  clinical  and  physical  characters, 
these  tumours  are  very  liable  to  be  confounded  with 
encephaloid  cancer : — they  are  distinguished  by  the 
absence  of  an  alveolar  stroma,  and  by  the  uniformity  in 
the  character  of  their  cells. 

Gliom.a.. — This  is  a  variety  of  round-celled  sarcoma 
grooving  from  the  neuroglia  or  connective  tissue  of  nerve. 
It  consists  of  very  small  round  cells,  embedded  iu  an 


Fig.  49. 
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Snrcomafoiis  Tumours  from  the  Brain. — a.  A  glioma  of  cei-cbcllura. 
This  vejii-esents  the  ap|)paniuce  onlinarily  prescuted  b^'  tlirsi' 
grnu'ths.  h.  A  comparativelj'  vai'e  form  of  sarcoma,  which  consist.'^ 
of  large  uucleated  colls  enclosed  withiu  the  meslies  of  a  vascuhir 
network.  The  developmeut  of  this  tuinoiu'  took  place  iu  the  braiu 
subsequently  to  that  of  spiudle-celled  growths — primarily  in  the 
thigh,  and  secondarily  iu  the  luug.     x  2UU. 

exceedingly  scanty,  homogeneous,  granular,  or  sHghtly 
fibrillated  intercellular  substance.  (Fig.  49,  a.)  Some  of 
the  cells  may  possess  fine  prolongations  which,  hy  com- 
municating with  one  another,  form  a  somewhat  reticulated 
structure.  These  tumours  occur  in  the  gre^^  and  white 
substance  of  the  brain,  in  the  cranial  nerves,  and  iu  the 
retina.  In  the  retina  they  u.snally  commence  as  a  minute 
nodule,  which  may  gradually  increase  until  it  projects  as 
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a  large  fnngating  tumour  from  the  orbit.  The}'  are  not 
eucapsuled,  and  although  they  may  occasionally  infiltrate 
the  tissues  in  which  they  lie  and  cause  secondary  growths 
in  their  immediate  vicinity,  they  very  rarely  repi-oduce 
themselves  in  the  lymphatic  glands  or  in  internal  organs. 
They  are  liable  to  small  hfemorrhages  into  their  structure, 
and  sometimes  become  more  or  less  caseous. 

Alveolae  Sarcoma. — This  is  a  rare  form  of  round- 
celled  sarcoma,  which  was  first  described  by  Billroth. 
The  cells,  which  are  large,  sharply  defined,  round  or 
oval  in  shape,  and  enclose  prominent  round  nuclei,  are 
separated  from  each  other  by  a  more  or  less  marked 
fibrous  stroma.    In  some  parts  this  stroma  forms  small 
alveoli  within  which  the  cells 
are  grouped ;  but  careful  ex- 
amination    will   always  show 
that  in  most  parts  of  the  sec-  ^^r, 
tion  the  sti'oma   really  pene- 
trates between  each  individual 
cell.     It  is   this   last  named 
character  which  serves  to  dis-         ■  ;  ':ff^ 
tinguish   these   tumours  from  ^ 
the    cancers,   with   which,  in  lv>^^  J^-^ 

many  cases,  they  may  easily 

■1  r.       1   1        nn  .-llrcohir  Sarcoma. — L  rom  a 

be  confounded.     Ihe  accom-  tumour  of  thu  .skiu.    x  2uiJ. 

panying  drawing,  made  from 

a  preparation  kindly  lent  to  me  by  Mr.  E.  J.  Godlee, 
shows  well  their  microscopical  characters.    (I'ig.  ^>0.) 

Alveolar  sarcomata  are  met  with  principally  in  the 
skin,  bones,  and  muscles.  In  the  skin,  whore  they  are 
often  multiple,  they  lead  to  ulceration.  They  tend  to 
recur  locally,  and  also  to  reproduce  themselves  in  in- 
ternal organs. 

MYELOID  SARCOMA. 

This,  which  is  the  well-known  myeloid  tumour,  is  some- 
what allied  to  the  spindle-celled  growths.  It  possesses, 
however,  certain  histological  peculiarities  which  probably 
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depend  upon  the  characters  of  the  tissue  from  which  it 
grows.  Myeloid  tumours  nearly  always  occur  in  con- 
nection with  bone,  and  most  frequently  originate  in  the 
medullary  cavity.  They  consist  of  the  large,  many- 
nucleated  cells  already  described  as  "myeloid  cells," — 


Fig.  51. 


Mi/elohl  SaTComa.  (Vivcliow.) 


which  resemble  the  cells  of  the  medulla  iu  a  state  of 
excessive  nutritive  activity— together  with  numerous  fusi- 
form cells  like  those  met  witlr  in  the  spiudle-celled 
varieties.  There  are  also  some  smaller  round  and  oval 
elemeuts.  The  large  myeloid  cells,  which  give  to  these 
tumours  their  distinctive  character,  are  usually  much 
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more  nuuieroxis  in  those  growths  which  originate  in  the 
medullary  cavity  than  in  those  which  spring  from  the 
periosteum.  These  various  forms  of  cells  are  nearly  in 
close  contact,  there  being  very 'little  intercellular  sub- 
stance. (Fig.  51.)  The  growths  are  sometimes  very 
vascular,  so  much  so  as  to  give  rise  to  distinct  pulsation. 
They  often  contain  cysts. 

Myeloid  tumours  almost  always  grow  in  connection 
wi'ih  bone,  the  heads  of  the  long  bones  being  their 
favourite  seat.  They  are  also  frequently  met  with 
s])ringing  from  the  periosteum  of  the  upper  and  lower 
jaws,  where  they  constitute  one  form  of  epulis.  When 
originating  within  the  medullary  cavity,  the  compact 
tissue  of  the  bone  becomes  expanded  over  them,  and  they 
thus  often  communicate,  on  palpation  the  peculiar  sensa- 
tion known  to  surgeons  as  "  egg-shell  cracking."  These 
tumours  are  for  the  most  part  of  firmer  consistence  than 
tlie  other  varieties  of  sarcoma ;  many  of  them  are  firm  and 
tleshy,  although  others  are  softer,  more  resembing  size- 
gelatin.    The}'  ai'e  not  pulpy  and  gruraous  like  the  soft 

rcomata,  neither  do  they  present  the  fasciculated 
;^l'pearance  of  the  spindle-celled  varieties.  Their  cut 
surface  has  a  uniform  succulent  appearance,  often 
mottled  with  patches  of  red.  They  are  often  encapauled 
by  the  periosteal  covering  of  the  bone  from  which  the}' 
•_;row.  They  are  rare  after  middle  life,  and  are  the  least 
malignant  of  all  the  sarcomata. 

BLOOD-CYSTS. 

Tumours  are  occasionally  met  with  into  which  so  much 
hjBmorrhage  has  taken  place  as  to  mask  their  real  nature, 
and  to  give  to  them  the  appearance  of  biood-cysts.  The 
nature  of  these  blood-cysts  has  only  recently  been  un- 
derstood. They  are  now  known  to  be  in  the  majority  of 
cases  soft,  round,  or  spindle-celled  sarcomata.  They 
consist  of  broken  down  blood  coagula,  surrounded  by  an 
ill- defined  layer  of  soft  sarcoma  tissue.  The  microscope 
will  also  usually  reveal  sarcomatous  elements  amongst 
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the  altered  blood.  These  growths  are  exceedingly  malig- 
nant,  and  hence  the  recognition  of  their  sarcomatous 
origin  is  all  important. 


CLINICAL  CHARACTERS  OF  THE  SARCOMATA. 

The  sarcomata  occur  most  frequently  in  early  and 
middle  life,  and,  next  to  the  carcinomata,  are  the  most 
malignant  of  the  new  formations.  They  are  especially 
characterised  hy  their  great  tendency  to  extend  locally 
and  to  infiltrate  the  surrounding  structures,  so  that  they 
are  exceedingly  prone  to  recur  in  loco  after  removal. 
They  comparatively  rarely  infect  the  lymphatic  glands, 
and  in  this  respect  present  a  marked  contrast  to  the 
cancers.  They  are  also  very  liable  to  become  generally 
disseminated,  although  this  is  not  usual  in  the  earher 
stages  of  the  disease.  The  secondary  growths  occur  most 
frequently  in  the  luugs.  The  dissemination  is  effected  by 
means  of'  the  blood,  and  this  is  owing  to  the  thinness  of 
the  walls  of  their  blood-vessels  and  to  the  immediate  con- 
tact of  these  with  the  cells  of  the  growth— conditions 
most  favourable  to  the  entrance  of  the  cellular  elements 
into  the  circulation.  The  dissemination  of  the  sarcomata 
is,  on  this  account,  sometimes  more  rapid  than  that  of 
the  carcinomata.  In  the  latter,  extension  in  the  early 
stage  takes  place  principally  by  the  lymphatics,  and 
dissemination  by  the  blood  only  occurs  later  in  the  disease. 
The  secondary  sarcomata  usually  resemble  the  primary 
one,  but  in  exceptional  cases  the  several  varieties  may 
replace  one  another. 

These  malignant  properties,  as  has  been  seen,  are 
possessed  bv  the  ditferent  varieties  of  sarcoma  in  very 
different  degrees.  As  a  rule,  the  softer  and  more 
vascular  the  tumour,  and  the  less  its  tendency  to  lorm 
a  fully  developed  tissue,  the  greater  is  its  mabgnaucy. 
The  soft,  round-celled,  and  large  spindle-celled  varieties 
are  thus  usually  much  more  malignant  than  the  firmer, 
small  spindle-celled  growths.    Their  infiltrating  powers 
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are  mucli  greater,  they  sometimes  infect  the  lymphatic 

!   uds,  and  they  tend  to  -1--^--^/^--^ ^^-X 
rapidly  in  internal  organs.    Many  ot  the  small  spindle 
e  lei  tumours,  after  removal,  never  recnr,  whilst  others 
•ecn  •    ocally  several  times,  and  ultimately  reproduce 
hemselves  in  distant  parts.  _  As  a  rule,  largen-s  of  the 
spindle  elements  and  the  existence  m  many  of  them  of 
Tore  than  one  nucleus,  is  an  evidence  of  special  malig- 
nZj     The  presence  of  a  capsule  hmitmg  the  growth 
mn^  also  he  taken  into  account  in  judgmg  of  the  degre 
"  its  malignancy.    It  must,  however,  be  borne  m  mmd 
that  in  a  growth  distinctly  encapsuled,  the  sarcomatous 
elements   may  invade  the   adjacent   structures.  The 
uv  Tc^^  cn-owths  are  the  least  malignant;  they  may  how- 
ever also,  in  exceptional  cases,  give  rise  to  secondary 
.rro-.vths  in  internal  organs. 


CHAPTER  XXIII. 


THE  CAECIXOMATA. 

The  Oarcinomata,  or  Cancers,  are  new  formations  con- 
sisting of  cells  of  an  epithelial  type,  without  any  inter- 
cellular substance,  grouped  together  irregularly  within 
the  alveoli  of  a  more  or  less  dense  fibroid  stroma. 

The  term  "  cancer"  has  been  so  commonly  applied  inde- 
finitely to  any  growth  possessing  malignant  properties, 
that  "  cancerous"  and  "  malignant''''  have  come  to  be  re- 
garded by  many  as  synonymous  terms.  It  is  important, 
however,  clearly  to  distinguish  between  them.  A  cancer 
is  a  growth  possessing  the  above-named  definite  struc- 
ture; a  malignant  growth,  on  the  other  hand,  is  one 
which,  independently  of  its  structure,  tends  to  reproduce 
itself  in  adjacent  or  distant  tissues.  (See  "  Malignanc)^.") 
"Cancerous"  is  an  anatomical  term;  "malignant"  is  a 
clinical  one. 

The  Carcinomata  include  the  four  following  varieties : — 
Scirrhus,  Enceplialoid,  Colloid,  and  Epitliclionia.  Of 
these,  the  fij'st  three  possess  the  same  general  characters, 
although  they  present  certain  striictural  and  clinical 
differences  which  serve  to  distinguish  them.  Epithelioma 
constitutes  a  more  distinct  variety.  It  will  be  well,  in 
the  first  place  to  describe  the  characters  common  to  the 
larger  and  more  important  group,  and  then  those  which 
are  peculiar  to  its  individual  members.  Eijithelioma 
will  be  considered  subsequently. 

Structure. — In  structure,  scirrhus,  enccphaloid,  and 
colloid  cancer  so  far  resemble  one  another,  that  they  all 
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consist  of  cells  of  an  epithelial  type,  without  any  intei- 
cellnlar  substance,  grouped  together  irregularly  within 
the  alveoh  of  a  fibrous  stroma.  (See  Fig.  55.)  Althouo-h 
there  is  no  intercellular  substance,  a  certain  amount  of 
liquid  exists  between  the  cells.  It  is  this  liquid  which 
exudes  trom  the  freshly-cut  surface  of  the  cancer,  av,d 
the  number  of  cells  which  it  contains  give  to  it  a  milky 
appearance. 

The  c./Zs  are  characterized  by  their  large  size,  by  the 
diversity  of  their  forms,  and  by  the  magnitude  and  pro- 
nimence  o:  their  nuclei  and  nucleoli.    (Fig.  52.)    In  size 

Fig.  62. 


Cells  from  a  Scirvlms  of  the  Mamma,    x  350 

they  vary  from  ^-^^  to         of  an  inch  in  diameter-  the 
majority  being  about  five  times  as  large  as  a  rea  blood- 
corpuscle.  They  are  round,  oval,  fusiform,  caudate,  poly- 
gonal-exhibiting, in  short,  every  diversity  of  outline 
Ihese  variations  m  form  are  principally  owing  to  the 
mutual  pressure  to  which  in  their  growth  the/are  sub! 
jectec .    Ihe  nuclei,  which  are  large  and  prominent,  are 
round  or  oval  m  shape,  and  contain  one  or  more  br cl  t 
nucleoli.     The  nuclei  are.   perhaps,  mo«t  h^itlTtt 
single  ;  two,  however,  are  frequently  met  with,  and  in  the 
softer  and  more  nipidly  growing  cancers  they  may  b 
xnore  numerous     The  cells  rapidly  undergo  ret  ogreiivo 
changes,  hence  they  usually  contain  molecular  fat':  T ley 
are  many  o  them  exceedingly  destructible,  so  that  .ami 
times  more  free  nuclei  than  cells  are  visible.  Cells  precisely 


180 


NUTEITION  INCREASED. 


similar  to  tliese  are  met  with  in  other  morbid  growths, 
and  also  in  the  normal  tissiies.  There  is  thus  no  specific 
"  cancer-cell."  It  is  the  general  character  of  the  cells, 
together  with  their  mode  of  distribution  in  the  meshes  of 
a  fibroid  stroma,  that  determines  the  natui-e  of  the  growth 
to  which  they  belong.  The  appearance  presented  by 
these  cells  grouped  within  the  alveoli  of  the  cancer  some- 
times- closely  simulates,  in  the  earlier  stages  of  growth, 
that  of  simple  adenoma.  (See  Fig.  41.)  In  adenoma, 
however,  the  cells  resemble  the  epithelium  of  the  gland; 
they  are  smaller,  and  less  irregular  in  size  and  shape, 

Fig.  53. 


Tlie  Alveolar  Stroma  from  a  Scirrhiis  of  Ike 
Mamma.— The  cells  have  been  removed  by 
pencilliug.     x  20(1. 

and  less  closely  packed  than  those  of  carcinoma.  In 
many  cases,  indeed,  they  form  merely  a  single  layer  Hning 
the  walls  of  the  acini. 

The  stroma  varies  considerably  in  amount,  beiug  much 
more  abundant  in  some  varieties  of  cancer  than  in  others. 
It  consists  of  a  more  or  less  distinctly  fibrillated  tissue 
arranged  so  as  to  form  alveoli  of  various  forms  and  sizes, 
within  which  the  cells  are  grouped.  (Pigs.  53  and  55.) 
These  alveoli  communicate  with  one  another,  so  as  to  form 
a  continuous  cavernous  system.  The  characters  of  the 
stroma  vary  with  the  rapidity  of  its  growth  if  this  is 
rapid  it  will  contain  some  round  and  spindle-shaped 
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cells  (see  Fig.  57) ;  if,  on  the  other  hand,  it  is  slow  or  has 
altogether  ceased,  the  tissue  will  contain  but  few  cells 
and  will  be  denser  and  more  fibrous  in  character.  The 
latter  is  the  condition  in  which  it  is  most  commonly  met 
with. 

Within  the  stroma  are  contained  the  llood-vesscls. 
These  are  often  very  numerous,  and  form  a  close  net- 
work. They  arc  limited  to  the  stroma,  and  only  in  very 
exceptional  cases  do  they  encroach  upon  the  alveoli.* 
This  distribution  of  the  blood-vessels  is  important,  as 
distinguishing  the  carcinomata  from  the  sarcomata.  In 
the  latter,  the  vessels  are  not  supported  by  a  stroma,  but 
ramify  amongst  the  cells  of  the  growth  ;  hence  the 
facility  with  which  these  tumours  become  generally  dis- 
seminated. 

In  addition  to  the  blood-vessels,  the  carcinomata  also 
possess  lipnphatks.  These  accompany  the  blood-vessels, 
and,  as  has  been  shown  by  MM.  Cornil  and  Eanvier, 
communicate  freely  with  the  alveoli.  This  explains  the 
great  tendency  of  cancer  to  infect  the  lymphatic  glands. 

Developmknt. — The  c^uestion  of  the  genesis  of  carci- 
noma involves  that  of  the  genesis  of  epithelium  generally. 
It  is  maintained  by  many  Histologists  that  epithelium 
can  only  originate  from  epithelium,  and  that  the  strata 
of  cells  set  aside  in  the  embryo  for  the  production  of  the 
epithelial  tissues  is  the  source  from  which  all  epithelium 
is  subsequently  derived.  Others  admit  that  epithehum 
ma,y  also  originate  from  connective  tissue.  (See  "  Deve- 
lopment of  Tumours.")  A  like  difference  of  opinion 
exists  as  to  the  source  of  the  epithelioid  cells  of  cancer. 
By  many— as  Waldeyer,  Thiersch,  and  Billroth— they  are 
regarded  as  originating  only  from  pre-existing  epithelium. 
Others— amongst  whom  are  Virchow,  Liicke,  Rindfieisch, 
and  Klebs — maintain   that  they  may  also  be  derived 


*  Tn  soft  rnpidly  growing  cnncers  tlin  bludd-vossols  liavo  occii- 
.'.lonnlly  br-cii  oliscrvurt  to  |inijcct.  as  tufts  into  Iho  alveoli.  Soo  caso 
reported  by  Mr.  Marcus  \',rrk  and  Mr.  Ar-iiott,  Traii.'i.  f'a/li.  fior. 
Loud.,  187-1,  p.  224. 
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from  cells  belonging  to  the  connective  tissue.  It  is  also 
believed  by  some— as  Koster— that  many  cancers  originate 
from  the  endothelium  of  the  lymphatics. 

The  difficulty  of  determining  the  genesis  of  carcinoma 
is  partly  owing  to  the  fact  that  it  usually  originates  in 
structures  where  epithelium  is  normally  abundant,  as  in 
the  mamma,  skin,  and  alimentary  canal ;  and  that  this 
normal  epithelium  is  always,  from  the  earliest  stage  of 
the  growth,  the  seat  of  active  proliferation.    In  cancer  of 
the  mamma,  for  example,  the  first  change  often  observable 
is  an  accumulation  of  epithelium  within  the  ducts  of 
the  gland,  a  condition  very  similar  to  that  already  de- 
scribed as  occurring  iu  the  development  of  an  ordinary 
glandular  tumour.  (See  "  Adenoma.")  Soon,  however,  the 
epithelium  alters  its  characters.    The  cells  become  larger 
and  more  irregular  in  shape,  and  their  nuclei  are  more 
prominent.    The  epithelium  is  then  found  outside  the 
ducts,  amongst  the  inter-  and  peri-glandular  connective 
tissue,  which  is  also  in  a  state  of  active  proliferation,  and 
is  infiltrated  with  small  round  cells.    The  outline  of  the 
ducts  ultimately  becomes  completely  annihilated,  and  the 
epithelioid  cells  are  seen  in  alveoli  formed  of  a  fibroid 
tissue.    The  question  arises  as  to  whether  the  epithelioid 
cells,  which  constitute  the  ultimate  cancerous  growth, 
originated  from  the  epithelium  normally  existing  within 
the  ducts  of  the  gland,  which  in  the  process  of  develop- 
ment has  extended  beyond  the  duets  in  the  surrounding 
tissue  ;  or,  whether  they  originated  from  the  proliferating 
elements  of  the  connective  tissue.  Although  this  question 
cannot  be  regarded  as  finally  settled,  it   is  tolerably 
certain  that  primarily,  at  all  events,  carcinoma  in  all 
cases  originates  from  epithelium  ;  and  from  the  investiga- 
tions of  Prof.  Maier  and  Dr.  Creighton,  already  alluded  ' 
to,  it  is  probable  that  the  epithelial  growth  having 
attained  a  certain  degree  of  development  becomes  in- 
fective, and  exercises  an  influence  upon  the  proliferating 
cells  of  the  connective  tissue  (influence  of  contact),  which 
causes  them  gradually  to  assume  an  epithchal  type.  The 
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doctrine  of  the  primary  epitlielical  origin  of  carciuoma  is 
now  steadily  gaining  ground.  The  tendency  which  is 
exhibited  by  the  cells  of  cancerous  growths  to  maintain 
the  type  of  the  epithelial  structures  in  the  vicinity  ol: 
which  they  grow  is  greatly  in  favour  of  it.  In  cancers 
situated  near  the  cutaneous  surfaces,  for  example,  the 
cells  are  usually  of  the  squamous  type,  whereas  in  those 
growing  in  connection  with  the  glands  of  mucous  mem- 
branes, they  more  commonly  resemble  the  epithelium  of 
the  gland.  In  adopting  this  doctrine  of  the  origin  of 
carcinoma  it  is  obviously  impossible  to  admit  the  oc- 
currence of  primary  growths  in  situations  where  no 
epithelinm  normally  exists — as  in  bone  and  muscle  ;  and 
we  now  know  that  tumours  in  these  tissues  which  were 
formerly  described  as  cancers,  are  in  reality  sarcomata. 

The  stroma  of  carcinoma  is  partly  the  pre-existing  con- 
nective tissue  of  the  part  in  which  the  cancer  originates, 
and  partly  a  new  formation.  The  new  growth  may  pro- 
bably be  regarded  as  the  result  of  the  irritation  of  the 
connective  tissue  by  the  infiltrating  epithelial  cells.  The 
alveoli  are  formed  by  the  linear  or  more  globular  group- 
ing of  the  epithelium  amongst  the  meshes  of  the  stroma. 

The  carcinomata  in  their  growth  never  become  encap- 
snled,  but  gradually  infiltrate  the  surrounding  structures. 
This  process  of  infilti'alion  is  very  characteristic,  and  is 
more  mai'ked  in  cancer  than  in  any  of  the  malignant 
growths.  A  zone  of  small-celled  infiltration  is  seen  for 
some  distance  around  the  confines  of  the  tumour,  so  that 
there  is  no  line  of  demarcation  between  it  and  the  normal 
structures.    (Sec  Fig.  54.) 

Secondary  Changes- — The  most  important  of  these  is 
fatty  degeneration.  This  always  occurs  to  a  greater  or 
less  extent  in  all  the  varieties  of  carcinoma.  The  more 
rapid  the  growth,  the  earlier  does  tliis  retrogressive 
change  take  place,  and  the  greater  is  its  extent;  hence  it 
is  usually  most  marked  in  enccphaloid.  It  jn'odnccs 
softening  of  tlic  growth,  which  is  often  reduced  to  a 
pulpy  crcamdike  cousistcncc.    Pigmentation,  mucoid  and 
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colloid  degeueration  mny  also  occur.  Calcification  is 
vary  rarely  met  witli. 

Vabieties. — The  term  "cancer"  was  so  vaguely  applied 
by  the  older  pathologists—nearly  all  malignant  forma- 
tions being  included  under  this  head— that  considerable 
confusion  has  resulted  in  the  classification  of  caucerous 
growths.  Pecuharities  in  situation,  structure,  and  ap- 
pearance have  given  rise  to  special  names,  hence  the' 
terms—"  osteoid,"  "  chondroul,"  "  cystic,"  "  villous,"  and 
"  hcematoid"  cancer.  A  cancer  containing  large  quantities 
of  pigment  was  described  as  a  distinct  variety,  under  the 
name  of  melanotic  cancer.  Melanotic  cancer,  however, 
is  comparatively  rare.  The  majority  of  tumours  which 
are  thus  designated  are  in  reality  sarcomata.  (See  "  Me- 
lanotic Sarcoma.") 

The  most  convenient  classification,  and  that  which  is 
now  generally  adopted,  divides  the  carcinomata  into  four 
groups-: — scirrhus,  fibrous,  or  chronic  cancer;  eiiceplia- 
loicl,  medullary ,  or  acute  cancer;  colloid  ov  gelatin  if  or  m 
cancer;  and  epithelial  cancer,  or  epitJielioma,  including 
adenoid  cancer.  This  division  is  based  principally  upon 
the  relative  proportion  of  the  stroma,  and  upon  the  type 
of  the  epithelial  elements. 

SCIEIUIUS  CANCER. 

Scirrhus,  fihrov,s,  or  chronic  cancer  is  characterised  by 
the  large  amount  of  its  stroma  and  by  the  chronicity  of 
its  growth.  The  slowness  in  the  development  of  scirrhus 
probably  accounts  in  great  measure  for  the  peculiarities 
in  its  structure  and  physical  cluiracters. 

The  epithelial  growth,  although  at  first  it  may  be 
luxuriant,  quiclclj^  subsides.  The  elements  soon  atrophy 
and  undergo  retrogressive  changes.  They  are  most 
abundant  in  the  external  portions  of  the  tumour,  where 
growth  is  taking  ^ilaco  ;  in  the  central  ]wrtions  they  may 
be  almost  entirely  wanting.  Tlie  acconqianying  figures 
(Figs.  64  and  66)  show  the  appearances  presented  by 
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scii-rlius  of  the  Biamma  in  tlie  earlier  stages  of  its 
development. 

The  degeneration  of  the  epithelial  elements  is  probablj^ 


Fig.  54:. 


Scirrhtis  of  the  Mamma. —  A  thiu  section  from  t.he 
most  external  portion  of  tbe  tumour,  showing  the 
small-celled  infiltration  ("indifferent  tissue")  of  the 
muscular  fibres  and  adipose  tissue  in  the  neighbour- 
hood of  the  gland,     x  200. 

owing  to  the  excessive  growth  of  the  stroma,  and  to  the 
snbsequent  induration  and  contraction  which  it  under 
goes.    It  quickly  assumes  the  characters  of  cicatricial 


Fig.  55. 


ScirrliiiK  of  the  Mamma.— \  portion  of  the  tumour 
soMwwIiat,  iiiternrd  to  tliat  represented  in  Kig.  54, 
.showing  the  ctianioteristic  ulveolor  .structure  of  tlio 
(;a,iicer.     x  200. 

tissue,  and  becomes  hard  and  indnnitoil.  This  causes 
<il).struction  and  oblitern.tion  of  the  blood-vessels  which  it 
contains,  and  it  is  probiiJjly  to  this  interference  with  the 
vascular  supply  that  the  arrest  in  the  development  of  the 
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cancer  is  owing.  The  whole  of  the  central  portions  of 
the  growth  may  thus  ultimately  consist  sim]>ly  of  dense 
fibroid,  tissue,  amongst  which  are  contained  atrophied 
epithelial  cells  and  fatty  debris  (Fig.  56),  the  periphery 
being  the  only  part  where  the  epithelial  structure  is 
visible.  The  amount  of  atrophy  and  contraction  varies 
considerably  in  different  cases. 

The  physical  characters  of  scirrhus  ai-e  in  the  same 
way  due  to  the  abundance  of  its  stroma.  The  growth  is 
firm  and  hard,  and  it  is  usually  depressed  in  the  centre, 
owing  to  the  conti-action  of  the  fibroid  tissue ;  this  is  very 
characteristic  of  scirrhus  of  the  breast,  where  it  causes 

Fig.  56. 


Scirvlms  of  the  Mamma. — A  section  from  the  more 
central  portions  of  tlie  tumour,  sbowing  the  atrophy  of 
the  epithelial  cells,  the  dirniuutiou  in  the  size  of  the 
alveoli,  the  fibroid  tissue,  and  the  fatty  ddbris.  a, 
earlier  stage  ;  6,  more  advanced,    x  200. 

puckei-ing  of  the  suj^erjacent  strustures.  On  section,  the 
tumour  presents  a  greyish- white  glistening  surface,  some- 
times intersected  with  fibrous  bands.  The  more  external 
are  less  firm  than  the  central  portions  of  the  growth,  and 
yield,  on  scraping,  a  juice  which  is  rich  in  nucleated  cells, 
free  nuclei,  and  grannies. 

Scirrhus  is  most  commonly  met  with  in  the  female 
breast,  and  in  the  alimentary  canal — especially  in  the 
oesophagus,  pylorus,  and  I'ectum.  It  also  occasionally 
occurs  in  the  skin.  The  secondary  growths  to  which  it 
gives  rise  are  often  eucephaloid. 
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ENCli'PHALOID  CANCER. 

Enceplialoid,  meclullaiij,  or  acufe  cancel",  is  very  closely 
allied  to  the  preceding-,  from  which  it  difiers  merely  in 
the  greater  rapidity  of  its  growth,  and  the  consec[uent 
small  amount  of  its  stroma,  and  the  softness  of  its  con- 
sistence. Encephaloid  and  scirrhns  cannot  be  regarded 
as  m  any  way  constitnting  distinct  varieties  of  carcinoma. 
There  are  all  intermediate  stages  between  them,  and  the 
differences  in  the  rapidity  of  their  growth,  and  conse- 
cjuently  in  their  structure  and  physical  characters,  con- 
stitute their  only  distinctive  features. 

Fig.  57. 


Eiirophnbihl  Cnncer. — From  a  secondary  cancer  of 
the  liver,  showing  the  large  size  of  tlie  alveoli  and 
ih(!  thinness  of  their  walls.  In  tho  latter,  small  cells 
are  visible.  1'ho  large  epithelial  cells  are  commencing 
to  undergo  fatty  metamoriihosis.     x  200. 

The  epithelial  growth  in  encephaloid  is  rapid  and 
abundant,  and  the  cells,  for  'the  most  part  larger  than  iu 
scirrhuH,  quickly  un<lergo  fatty  degeneration,  so  that 
often  more  free  nuclei  than  cells  are  visible.  The  pro- 
portion of  stroma  is  very  small,  and  owing  to  tho  rapidity 
of  its  growth,  it  is  much  less  fibrous  than  that  of  scirrhus, 
and  does  not  undergo  a  similar  cicatricial  contraction. 
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(Fig.  57.)  The  blood-vessels  are  often  veiy  abundant, 
and  the  tissue  supporting  them  being  soft  and  non- 
resistant,  basmorrhage  occasionally  takes  place. 

Encephaloid  cancer  is  of  a  soft  brain-like  consistence, 
the  central  portions,  where  fatty  degeneration,  is  most 
advanced,  often  being  completely  diffliient.  The  tumour 
is  sometimes  more  or  less  lobulated.  On  section,  it 
presents  a  white  pulpy  mass,  much  resembling  brain-, 
substance,  which  is  often  irregularly  stained  with  extra- 
vasated  blood. 

Encepha,loid  is  much  less  common  than  scirrhus  cancer. 
It  is  most  frequently  met  with  in  internal  organs  as  a 
secondary  growth.  It  also  sometimes  occurs  priniarilj'- 
in  the  testis  and  mamma.  ]\1  any  growths  formerly  de- 
scribed as  encephaloid  cancer,  are  soft  sarcomata.  (See 
"  Eound-celled  Sarcoma.") 

COLLOID  CANCER. 

The  growths  described  under  the  name  of  colloid, 
alveolar,  or  gelatiniform  cancer,  although  sometimes  re- 
garded as  constituting  a  distinct  variety  of  cancer,  are 
simply  one  of  the  preceding  forms  which  have  undergone 
a  mucoid  or  colloid  change.  The  frequency  with  which 
non-cancerous  growths  Avhich  have  undergone  these 
forms  of  degeneration  have  been  confounded  with  colloid 
cancer,  has  already  been  alluded  to.  (See  "  Colloid  De- 
generation.") 

The  alveolar  structure  in  colloid  cancers  is  ver}'  marked. 
The  alveoli  have  very  thin  walls  ;  they  are  large,  distinct, 
and  more  or  less  spherical  in  shape.  This  large  size  and 
distinctness  of  tlie  alveoli  is  owing  to  their  distension 
with  the  softened  substance.  Within  them  is  contained 
the  gelatinous  colloid  material,  which  is  a  glistening, 
trn.nslucent,  colourless,  or  yellowish  sulistance,  of  the  con- 
sistence of  thin  mucilage  or  size-gelatin.  In  the  main  it 
is  perfectly  structureless  ;  within  it, however,  are  emljedded 
a  varying  number  of  epithelial  cells,  which  also  contain 
the  same  gelatinous  substance.    (Fig.  58.)    These  cells 
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present  a  peculiar  appearance : — they  are  large  and. 
spherical  in  shape,  and  are  distended  with  drops  of  the 
same  gelatinoiis  material  as  that  in  which  they  are 
embedded.  (See  Fig.  58.)  Many  of  them  display  a 
lamellar  surface,  their  boundary  being  marked,  by  con- 


FiG.  58. 


centric  lines.  It  would  appear  that  the  colloid  change 
commences  in  the  cells,  which  become  gradually  de- 
stroyed in  the  process.  In  other  cases  the  cells,  with  the 
exception  of  slight  fatty  metamorphosis,  are  but  little 
alfected,  and  the  substance  distending  the  alveoli  is  more 
viscid  and  mucoid  in  character.  This  is  due  to  a  mucoid 
degeneration  of  the  intercellular  substance,  rather  than 
to  a  colloid  change  commencing  in  the  cells.  (See 
"  Mucoid  Degeneration.") 

Colloid  cancer  is  most  frequently  met  with  iu  the 
stomach,  in  the  intestine,  in  the  omentum,  and  in  the 
peritoneum. 
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KPITHELIOMA. 

EjrWielioma,  or  epitJoelial  cancer,  must  be  regarded  as 
constituting  a  mucli  more  distinct  variety  of  carcinoma 
tlian  either  of  tlie  preceding,  althougli  ti-ansitional  forms 
between  it  and  scirrlius  .are  occasionally  met  with.  It 
differs  from  the  other  varieties  of  cancer  in  always 
growing  in  connection  with  a  cutaneous  or  mucous  sur- 
face— the  junction  of  the  two  being  its  usual  seat — and 
in  its  epithelial  elements  closely  resembling  the  squamous 
variety  of  epithelium. 

Fig.  59. 


Cells  from  an  Epithelioma  of  ihe  Lip.     x  250. 

The  cells  of  epithelioma  are  in  the  main  indistinguish- 
able from  those  met  with  on  the  cutaneous  surfaces,  and 
on  the  mucous  membrane  of  the  mouth.  They  vary  in 
size  from       to  yoVo''^^  o^'  diameter,  the  average 

being  yg^th.  They  contain  usuallj' a  single  nucleus  ;  fre- 
quently, however,  the  nuclei  are  multiple.  (Fig.  59.) 
They  are  often  considerably  flattened  and  distorted  in 
shape,  owing  to  the  pressure  to  which  in  their  growth 
they  are  subjected,  but  they  never  present  those  nume- 
rous varieties  iu  outline  which  are  met  with  in  the  other 
varieties  of  carcinoma,  neither  do  they  exhibit  the  same 
marked  tendency  to  undergo  fatty  degeneration.  The 
arrangement  of  these  cells  is  ]5eculiar : — some  of  them 
arc  sitirated  iu  irregular  tubular- shaped-  lobules  which 
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commnuicate  witti  each  other ;  others  are  less  regularly 
grouped  in  masses  of  various  sizes  amongst  the  meshes 
of  a  stroma.  As  the  cells  increase  in  number  they  tend 
to  become  arranged  concentrically  in  groups  so  as  to  form 
globular  masses.  These  masses  are  the  "  concentru; 
rjlohe^;'  or  "  epithelial  nests,"  which  are  so  commonly  met 
mth  wherever  squamous  epithelium  is  undergoing  rapid 
growth,  and  which,  although  not  distinctive,  are  ex- 
ceedingly characteristic  of  epithelioma.  As  the  epithelium 

Fig.  go. 


J^/Mc/hma  of,U,  Rhowi,,^  tho  concentric  t;-Iob,.,s 

ot  epithelial  cells.     x  10(1. 

multi])lies,  the  peripheral  layers  of  cells  become  Hattened 
-y  pressure  agamst  the  surrounding  structures,  whilst 
ho.se  m  tbc  centre  remain  more  or  less  spherical  in  shap 
I  ko  those  of  the  deeper  layers  of  the  epidermis.  (Fi.  GO  ) 
Ihe  cells  may  be  so  closely  packed  as  ultimately  to 
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become  tarcl  and  dry  Idee  those  of  the  nads  and  hair,  and 
the  globes  ai-e  then  of  a  brownish-yellow  colour  and  of  a 
firm  consistence.    These  globes  are  often  large  enough 


Epithelioma  of  the  Tongue. — A  thin  verficnl  spRtiou,  sbow- 
iutj  t.lio  excessive  cpitlielial  growtli  \ipon  tlie  suvfuce  of  t.lio 
papilliE,  and  the  extension  of  llie  epitlielial  lOements  into  the 
subjaeeut  connective  tissnci.  Tlie  sub-epithelial  tissue  is  iufil- 
l,rat,ert  with  small  ("  iudiffiTcnt")  cells,  amongst  which  are  seen 
the  epithelial  elements  both  sin;:-le  and  forming  concentric 
globes.    X  1(J0. 
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to  be  readily  visible  to  the  uakecl  eye,  and  owing  to  the 
arrangement  of  tlie  epidermic  scales,  they  usually  jjresent 
a  fibrous  appearance. 

The  stroma  presents  every  variation  between  rapidly 
growing  embryonic,  and  an  incompletely  fibiillated  tissue. 
It  may  be  tolerably  abundant,  or  almost  entirely  wanting. 
It  rarely  forms  such  a  marked  alveolar  structure  as  that 
which  characterises  the  other  varieties  of  carcinoma,  but 
usually  consists  simply  of  a  small-celled  infiltration  sur- 
rounding the  epithelial  elements,  which  may  ultimately 
become  developed  into  a  more  or  less  completely  fibril- 
lated  tissue.    {Fig.  61.) 

With  regard  to  the  development  of  epithelioma— this 
IS  much  more  freqtiently  determined  by  some  external 
source  of  irritation  than  is  that  of  the  other  varieties  of 
carcinoma.    The   epithelial  elements   are  undoubtedly 
derived  from  the  epithelium  of  the  skin  or  mucous  mem- 
branes, or  from  that  of  the  glands  which  are  situated  in 
these  tissues.    The  growth  commences  by  a  proliferation 
of  this  epithehum,  which,  as  it  increases,  becomes  hetero- 
hrjoiis,  extending  beyond  the  normal  limits  into  the  sub- 
jacent connective  tissue,  and  even  into  muscle,  bone,  and 
other  structures  (Fig.  61);  and  it  is  this  heterologous 
development  of  epithelium  which  is  the  essential  charac- 
teristic of  epithelioma.    The  extension  of  the  epithelium 
into  the  subjacent  counective  tissue  produces  in  the  latter 
an  irritative  growth,  and  thus  the  groups  of  epithehal  ele- 
ments are  always  surrounded  by  a  .small-celled  ("  indif- 
ferent") tissue,  the  small-celled  growth  preceding  the 
epithelial  invasion.    (Fig.  61.)  ° 

Epithelioma  usually  presents  itself  in  the  first  place 
either  as  a  small  foul  ulcer  with  indurated  edges,  or  as  a 
subcutaneous  induration  or  nodule  which  subsequently 
ulcerates.  The  surface  of  the  ulcer  is  frequently  pa-pil- 
lated  and  villous,  owing  to  tlie  irregular  growth  of  the 
corium.  The  tumour  itself  is  firm  in  consistence,  often 
more  or  less  friable,  and  on  section  ])resents  a  greyish- 
white  granular  surface,  sometimes  intersected  with  liuea 
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of  librous  tissue.  The  cut-surface  yields  on  pressure  a 
small  quantity  of  turbid  liquid,  and  in  many  cases  also 
a  peculiar,  thick,  crumbling,  curdy,  material,  can  be  ex- 
pressed, which  often  comes  out  in  a  worm-like  shape,  like 
the  sebaceous  matter  from  the  glands  of  the  skin.  This 
latter  is  very  characteristic.  It  is  composed  of  epithelial 
scales,  and  on  being  mixed  with  water  it  does  not  diffuse 
itself  like  the  juice  of  other  cancers,  but  separates 'into 
minute  visible  particles.  If  it  is  very  abundant,  the 
cancer  is  soft  and  friable,  and  the  material  can  be  seen  in 
the  cut-surface  as  s.mall  scattered  opaque  dots. 

Epithelioma  has  its  primary  seat  in  the  immediate 
vicinity  of  ihe  cutaneous  or  mucous  surfaces,  the  point  of 
junction  of  the  two  being  its  favourite  habitat.  It  appears 
in  most  cases,  as  already  stated,  to  owe  its  origin  to  some 
external  source  of  irritation.  It  is  rare  in  the  young,  and 
is  most  froquently  met  with  in  the  lower  lip  at  the 
junction  of  the  skin  and  mucous  membrane,  on  the 
tongue,  prepuce,  scrotum  ("chimney-sweep's  cancer") 
labia,  eyelids,  cheeks,  and  in  the  uterus  and  bladder.  As 
it  extends  it  may  involve  any  tissue — muscle,  bone,  and 
tendon  may  be  alike  implicated.  It  usually  infects  the 
lymphatic  glands,  but  very  rarely  occurs  in  internal 
organs. 

Cylindrical  Epithelioma  or  Adenoid  Cancer. — These 
terms  arc  applied  to  those  forms  of  epithelial  cancer 
which  grow  from  mucous  membranes  with  columnar 
(cylindrical)  epithelium,  as  from  those  of  the  stomach  and 
intestines.  In  these  tumours  the  epithelial  elements  are 
similar  to  those  of  the  mucous  membrane  from  which 
they  grow.  They  are  cylindrical  in  shape,  and  are 
arranged  perpendicularly  to  the  walls  of  the  alveoli  in  a 
manner  precisely  analogous  to  that  of  the  columnar 
epithelium  on  the  mucous  surface.  (Fig.  62.)  There  is 
rarely  a  formation  of  concentric  globes,  and  the  growths 
are  of  a  soft,  and  often  gelatinous  consistence.  These 
tumours  cause  secondary  growths  in  the  lymphatic 
glands,  and  sometimes  in  the  liver,  lungs,  and  bones, 
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which  possess  the  same  characters  as  the  primary  cancer. 
The  distinction  between  them  and  simple  adenomata  is 

Fig.  (J2. 


often  exceedingly  difScult.  (See  "Adenoma  of  Mucons 
Membranes.") 


Clinical  Ciiaiiacters  of  the  Carcinomata. — In  speak- 
ing of  the  clinical  characters  of  the  cancers,  it  is  important 
in  the  first  place  to  mate  a  distinction  between  epithe- 
lioma and  the  other  varieties.  Epithelioma,  as  far  as  its 
malignancy  is  concerned,  occupies  a  very  inferior  position 
to  scirrhus,  oncephaloid,  and  colloid.  These  latter 
varieties  of  carcinoma  possess  in  the  highest  degree 
malignant  properties.  They  extend  locally,  invading  in- 
discriminately the  tissues  amongst  which  they  grow,  and 
reproduce  themselves  in  the  lymphatic  glands  and  in 
internal  organs.  In  the  process  of  dissemination,  how- 
ever, they  present  some  peculiarities  which  distiuguish 
them  from  growths  which  are  sometimes  equally  malig- 

0  2 


196 


NUTEITION  INCEEASED. 


nant — viz.,  the  sarcomata.  The  carcinomata  are  charac- 
terised by  their  great  tendency  to  repi'ocluce  themselves 
in  the  neighbouring  lymphatic  glands.  This  implication 
of  the  lymphatics  is  usually  much  more  marked  than  in 
the  sarcomata,  in  which  it  but  comparatively  rarely  occurs, 
and  this  is  probably  owing  to  the  communication  of  the 
lymphatic  vessels  with  the  aveolar  spaces  of  the  cancerous 
growth.  The  general  dissemination  in  internal  organs, 
on  the  other  hand,  is  often  affected  much  less  readily  in 
carcinoma  than  in  sarcoma,  and  the  course  of  the 
former  is  therefore  sometimes  more  protracted  than  that 
of  the  latter.  This  difference  is  explained  l^y  the  differ- 
ence in  the  distribution  of  the  blood-vessels  : — in  carci- 
noma, these  are  contained  in  the  stroma,  and  verj^  rarely 
come  into  contact  with  the  cells  of  the  growth ;  whereas 
in  the  sarcomata,  they  ramify  amongst  the  cells,  and 
their  walls  being  composed  of  thin  embryonic  tissue  like 
that  of  the  growth  which  they  sujoply,  dissemination 
through  the  medium  of  the  blood  is  rapidly  and  readily 
effected.  In  carcinoma,  the  lymph  being  so  important  a 
medium  of  infection,  the  reproduction  of  the  growths  in 
internal  organs  may  be  considerably  delayed :  the  pro- 
gress of  the  disease  becomes  arrested  by  the  lymphatic 
glands,  and  its  further  dissemination  is  often  only  effected 
after  these  have  become  very  generally  and  extensively 
involved. 

With  regard  to  the  difference  in  the  clinical  characters 
of  these  three  varieties  of  carcinoma — the  dissemination 
of  eucephaloid  takes  place  much  more  rapidh"-  than  that 
of  scirrhus,  owing  to  the  greater  rapidity  of  its  growth, 
its  greater  vascularity,  and  the  greater  activity  of  its 
epithelial  elements.  Colloid  is  somewhat  inferior  in  the 
deo-ree  of  its  maliguanc)^  to  both  scirrhus -and  eucepha- 
loid. 

Epithelioma  is  of  all  the  cancers  much  the  least  malig- 
nant. It  extends  locally,  and  uuiy  infect  the  neighboiir- 
ing  lymphatics,  but  it  comparatively  rarely  reproduces 
itself  in  internal  organs.    This  is  probably  owing  to  the 
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size  and  character  of  its  epithelial  elements,  which  render 
them  much  less  liable  to  be  transmitted  by  the  blood  and 
lymph-streams  than  are  the  cells  of  the  other  varieties  of 
cancer. 

In  all  the  varieties  of  carcinoma  there  is  a  tendency  for 
the  secondary  growths  to  repeat  the  characters  of  the 
primary  one.  This  is  most  mai-ked  in  epithelioma.  In 
scirrhus,  the  secondary  growths  in  internal  organs,  al- 
though sometimes  resembling  the  pi'imary  tumour,  are 
often  more  rapidly  developed,  are  softer  a  ad  more  vascular, 
and  in  accordance  with  the  distinction  which  has  been 
made  between  scirrhus  and  encephaloid,  they  must  be 
regarded  as  belonging  to  the  latter  variety  of  cancer. 


CHAPTER  XXIV. 

CYSTS. 

In  addition  to  the  new  growths  abeady  described,  there 
is  a  large  class  of  formations,  many  of  which  cannot  be 
regarded  as  "  tumours  "  in  the  strict  application  of  this 
term.    These  are  the  cysts  or  cystic  tumours. 

A  cyst  is  a  cavity  containing  liquid  or  pultaceous 
material,  which  is  separated  from  the  surrounding  struc- 
tures by  a  more  or  less  distinct  capsule.  It  may  be  a 
new  formation,  or  a  pre-existing  structure  which  has 
become  distended  by  its  own  secretion,  or  by  extrava- 
sation into  it.  The  former,  only,  comes  within  the 
category  of  new  growths,  although,  for  the  salce  of  con- 
venience, it  will  be  advisable  to  consider  them  both  under 
one  head. 

There  are  thus  two  principal  modes  by  which  cysts 
originate— one,  the  most  frequent,  by  the  gradual  accu- 
mulation of  substances  within  the  cavities  of  pre-existing 
structures,  which  are,  for  the  most  part,  products  of  their 
own  formation,  being  in  some  cases  a  secretion,  and  in 
others  a  cell-growth ;  the  other,  by  the  independent  for- 
mation of  a  cyst  in  the  tissues. 

The  accuimolation  of  secretions  and  of  other  iyroducfs 
wifMn  ■pre-exist.inrj  cavities,  may  be  effected  in  the  three 
following  ways  : — 

1st.  By  the  retention  of  the  normal  secretion  owing  to 
the  closure  of  the  excretory  ducts— as  so  often  occurs  in 
sebaceous  glands. 

2nd.  By.  excessive  secretion,  the  cavity  being  i^npro- 
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vided  with  an  excretory  duct— as  in  the  formation  of  a 
bursEB. 

3rd.  By  the  extravasation  of  blood  into  the  cavity — as 
in  hcEmatocele. 

Tlie  independent  formation  of  a  cijst  may  take  place — • 

1st.  By  the  softening  and  liquefaction  of  the  tissues  in 
some  particular  part,  owing  to  mucoid  or  fatty  changes. 
The  tissues  around  the  softened  matters  become  con- 
densed, and  ultimately  form  a  kind  of  cyst-wall. 

•2nd.  By  the  enlargement  and  fusion  of  the  spaces  in 
connective  tissue,  and  the  accumulation  of  fluids  within 
them.  The  surrounding  tissue  becomes  condensed,  and 
forms  a  cyst-wall ;  and  this  may,  in  some  cases,  become 
lined  with  secreting  cells. 

3rd.  By  the  formation  of  a  cyst-wall  around  foreign 
bodies,  parasites,  or  extravasated  blood. 

Structure. — The  wall  of  the  cyst  will  vary  in  its 
nature  according  as  it  is  a  pre-existing  or  a  newly-formed 
tissue.  In  the  former  case,  it  will  possess  an  epithelial 
lining  which  will  present  the  same  characters  as  that  of 
the  gland,  serous  membrane,  or  other  structure,  from 
which  the  cyst  originated.  If  the  cyst  is  a  new  growth, 
it  rarely  possesses  an  epithelial  lining,  but  consists  simply 
of  a  fibrous  capsule.  The  cyst-wall  is  sometimes  firmly 
connected  with  the  adjacent  parts,  so  that  it  can  only 
with  difficulty  be  separated  ;  in  other  cases,  the  union  is 
much  less  intimate.  Instead  of  being  a  distinct  struc- 
ture, it  may  be  simply  the  surrounding  tissue  which  has 
become  dense  and  fibrous  in  character. 

The  contents  of  cysts  are  very  various,  and  may  serve 
as  a  basis  for  their  classification.  In  the  retention-cysts, 
they  will  vai-y  with  the  nature  of  the  normal  secretion — 
serum,  sebaceous  matter,  saliva,  milk,  seminal  fluid,  and 
other  substances  are  thus  found  in  these  cysts,  more  or 
less  altered  in  chai'acter  from  being  retained  in  a  closed 
cavity.  In  the  exudation-cysts,  serum  is  tho  most  fre- 
quent constituent;  and  in  extravasation-cysts,  blood.  In 
those  cysts  which  originate  from  the  softening  and  break- 
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mg  down  of  tissue,  the  contents  are  the  products  of 
retrogressive  tissue-metamorphosis,  and  usually  consist 
largely  of  mucin,  fatty  matters,  and  serum. 

Secondary  Cjiaisges.— These  may  tahe  place  in  the  wall 
•  of  the  cyst,  or  in  its  contents.  The  cyst-wall  itself  may 
become  the  seat  of  new  growths,  and  produce  secondary 
cysts,  villous,  glandular,  and  other  structures  :— this 
occurs  in  many  compound  ovarian  cysts.  It  may  also 
be  the  seat  of  an  inflammatory  jsrocess,  which  terminates 
111  suppuration  aud  granulation,  and  by  this  means  the 
cyst  frequently  becomes  obliterated,  its  contents  being 
either  absorbed  or  discharged  externally,  and  the  cavity 
closing  by  granulation.  Calcification  and  ossification  of 
the  wall  may  also  occur.  The  contents  of  cysts  undergo 
various  changes,  owing  to  their  retention  in  a  closed 
cavity.  The  secretions  become  altered  in  character, 
thickened  and  viscid.  Epithelial  elements  undergo  fatty 
changes,  and  so  give  rise  to  cholesterin  crystals.  Calci- 
fication of  the  contents  is  also  common. 

Cysts  may  be  sii^j.jZe  or  comfovncl.  A  simple  cyst 
consists  of  a  single  loculus.  A  compound  or  multilocnlar 
cyst  is  one  consisting  of  numerous  loculi,  which  either 
communicate  with  one  another,  or  remain  isolated.  An- 
other variety  of  compound  cyst,  consists  of  a  cyst  with 
endogenous  growths,  the  larger  cyst  having  others  grow- 
ing from  its  walls.  A  compound  cyst  may  become  a 
simple  one  by  the  destruction  of  its  walls. 

Cysts  are  frequently  associated  with  other  growths, 
hence  the  terms— "  cystic-sarcoma,"  "  cystic-cancer,"  Arc' 
It  is  especially  in  those  growths  which  originate  in  glan- 
dular structures,  as  in  the  mamma,  testicle,  and  ovary, 
that  this  combination  is  met  with.  The  cystic  develop- 
ment may  almost  entirely  obliterate  the  structure  of  the 
tumour  in  which  it  takes  place,  so  that  ultimately  the 
latter  becomes  converted  into  a  combination  of  cysts. 
In  other  cases  large  portions  of  the  tumour  grow  into 
the  cystic  cavities.  Considerable  difliculty  is  thus  not 
nnfrequontly  caused  in  determining  the  nature  of  the 
original  growth. 
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Cl.vssificatio?^. — Cysts  may  be  most  conveniently  clas- 
sified according  to  theii-  mode  of  origin,  thus  : — 

CLASSIFICATION  OF  CYSTS. 

I.  Cjisfs  formed  hy  the  accumulation  of  suhstances 

within  the  cavities  of  pre-existing  structures. 

A.  Eetention   Cysts. —  Cysts   resulting   from  the 

retention  of  normal  secretions.  These  in- 
clude— 

a.  SehaceoHs  Cysts.— These  are  formed  by  the  re- 
tention of  secretions  in  the  sebaceous  glands- 
Such  are  comedones  and  atheromatous 
tumours. 

/3.  Mucous  Cysts.  —These  are  formed  by  the  reten- 
tion of  secretions  in  the  glands  of  mucous 
membranes. 

X.  Cysts  from  the  retention  of  secretions  in  other 
parts,  including — Eanula,  from  occlusion 
of  the  salivary  ducts  ;  Encysted  Hydrocele, 
from  occlusion  of  the  tubh  testis  ;  cysts  in 
the  mammary  gland,  from  obstruction  of  the 
lacteal  ducts;  simple  and  some  compound 
cysts  of  the  ovary,"  from  dilatation  of  the 
Graafian  follicles;  and  simple  cysts  of  the 
liver  and  kidneys. 

B.  Exudation  Cysts.— Cysts  resulting  from  exces- 

sive secretion  in  cavities  unprovided  with  an 
excretory  duct.  These  include  Bursa:-,  Ganglia, 
Hydrocele,  and  many  cysts  in  the  broad  liga- 
ment. 

C.  Extravasation   Cysts.— Cysts    resulting  from 

extravasation  into  closed  cavities.  These  in- 
clude Ha^matocclc,  and  some  other  forms  of 
sanguineous  cysts. 

II.  C'l/s^.s  of  independent  origin. 

A.  Cysts  fhom  Softening  of  Tissues.— These  aro 
especially  common  in  new  formations,  as  in 
enchondroma,  lipoma,  sarcoma,  &c. 
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B.  Cysts  from  Expansion  and  Fusion  of  Spaces 

IN  Connective  Tissue. — These  include — 
a.  Bursce,  originating  from  irritation  and  exuda- 
tion into  the  tissues. 
(3.  Sero'as  cysts  in  the  nech  (often  congenital). 
X.  Many  compound  ovarian  cysts.* 

C.  Cysts  fokmed  around  Foreicn  Bodies,  Extra- 

VASATED  Blood,  and  Parasites. 

D.  Congenital  Cysts. — These  include  many  Der-  . 

moid  cysts.  These  appear  often  to  be  the 
remains  of  blighted  ova.  They  contain  fatty 
matters,  hair,  teeth,  bones,  &c. 


*  See  Dr.  Wilson  Pox,  on  Cystic  Tumours  of  the  Ovary:  ^fed. 
Chir.  Soc.  Trans,  vol.  xlvii. 


CHAPTER  XXV. 


CHANGES  IN  THE  BLOOD  AND  CIECULATION. 

LOCAL  an.t:mia. 

Local  anemia,  or  isclioemia,  is  diminution  of  blood  in 
a  part  owing  to  diminished  arterial  supply. 

Causes. — The  most  frequent  causes  of  diminished  arterial 
supply  are  all  those  conditions  which  either  narrow  or 
completely  close  the  lumen  of  the  artery.  The  lumen 
of  an  artery  may  be  diminished  by  disease  of  its  walls 
— atheroma,  calcification,  and  syphilis ;  or  by  pressure 
exercised  upon  it  from  without,  as  by  new  growths,  in- 
flammatory exudations,  and  mechanical  or  inflammatory 
effusions.  The  complete  closure  of  the  vessel  may  result 
from  some  of  the  foregoing  conditions,  or  more  commonly 
from  thrombosis,  embohsm,  or  ligature.  In  some  cases 
the  supply  of  blood  is  diminished  by  an  increase  in  the 
natural  resistance  of  the  artery  from  irritation  of  the 
vaso-motor  nerve.  This  occurs  as  the  result  of  a  low 
temperature,  in  some  neuralgic  and  other  nervous  affec- 
tions, and  from  the  action  of  certain  substances,  such  as 
ergot  of  rye,  opium,  &c. 

Eesults. — A  part  with  diminished  arterial  supply  is 
usually  paler,  less  tense,  and  of  a  lower  temperature  than 
natural.  Its  nutrition  and  function  are  also  impaired,  so 
that  it  may  atrophy,  undergo  fatty  degeneration,  or  die. 
These  results  were  exemplified  in  the  chapters  on  atrophy, 
fatty  degeneration,  and  necrosis. 

The  results  of  diminished  arterial  supply,  however,  will 
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obviously  depend  upon  the  extent  of  the  diminution. 
Where  there  is  any  obstruction  of  the  main  artery  or 
arteries  leading  to  a  part,  there  is  increased  pressure  in 
the  vessels  behind  the  obstruction,  and  in  many  cases  the 
anatomical  distribution  of  these  is  such  that  they 
gradually  restore  the  circulation  in  the  antemic  area. 
This  restitution  may  be  effected  before  the  nutrition  of 
the  part  has  time  to  suffer.  In  certain  tissues,  however, 
the  blood-vessels  are  so  arranged  that  when  an  artery  is 
obstructed  the  circulation  cannot  thus  be  restored  by 
collateral  branches.  The  obstruction  of  the  artery  is  then 
followed  in  the  first  place  by  comijlete  anasmia  of  a 
certain  area,  but  the  blood-pressure  from  behind  beino- 
annihilated,  there  is  a  backward  pressure  from  the  veins, 
and  if  these  contain  no  valves,  the  venous  blood  regurgi- 
tates, and  so  again  fills  the  capillaries.  (Cohuheim.)  Such 
arteries,  with  which  anastomoses  do  not  exist,  are  tei-med 
by  Cohnheim  "  terminal "  arteries.  They  occur  in  the 
spleen,  kidneys,  lungs,  brain,  and  retina ;  and  obstructions 
in  these  tissues  are  necessarily  followed  by  much  greater 
nutritive  disturbance  than  in  those  in  which  there  is  a 
free  arterial  anastomosis. 

Important  changes  also  take  place  in  the  walls  of  the 
blood-vessels  as  the  result  of  deprivation  of  arterial  blood. 
These  changes  have  been  studied  experimentally  by 
Cohnheim  and  may  be  thus  briefly  summarised :— If  the 
ear  of  a  rabbit  be  ligatured  at  its  root,  and  the  ligature, 
after  remaining  on  for  from  eight  to  ten  hours,  be 
removed  and  the  blood  again  allowed  to  circulate,  the 
organ  becomes  exceedingly  vascular,  red,  swollen,  and 
oedematous ;  and  when  examined  microscopically  the 
vessels  are  found  to  be  dilated,  and  numerous  white  blood- 
corpuscles  to  have  esca]:)ed  from  them  into  the  surround- 
ing tissue.  The  longer  the  circulation  has  been  obstructed 
the  more  abundant  is  the  infiltration  with  leucocytes,  and 
■when  the  obstruction  has  lasted  for  twenty-four  hours 
small  extravasations  of  blood  also  occur.  If  the  ligature 
be  allowed  to  remain  on  for  forty-eight  hours  the  ear  dies. 
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From  these  observations  Cohuheim  concludes — that  when 
blood-vessels  with  their  vasa  vasorura  are  deprived  of 
their  circulating  blood  for  a  snfiicient  length  of  time  they 
lose  their  power  of  retaining  the  blood,  and  so  allow  the 
liquor  sanguinis  and  white  blood- corpuscles  to  escape 
from  them,  the  escape  taking  place  principally  through 
the  capillaries  and  veins.  In  order,  however,  for  the  walls 
of  the  blood-vessels  to  be^  thus  altered,  the  interference 
with  the  circulation  must  be  very  complete — a  very  little 
vascular  supply  serves  to  maintain  their  nutrition.  These 
changes,  as  will  be  seen  subsequently,  explain  that 
hasmorrhagic  infarction  which  results  from  the  blocking 
of  a  terminal  artery.    (See  "  Embolism.") 


HYrER.E3IIA. 

Hypertemia,  or  congestion,  is  excess  of  blood  in  the  more 
or  less  dilated  vessels  of  a  part.  Whatever  increases  the 
pressure  of  the  blood,  or  diminishes  the  resistance  of  the 
vessels,  may  be  a  cause  of  hypera3mia.  Hyperasmia  is 
active  or  arterial,  and  mechanical  or  venous.  These  two 
varieties  must  be  considered  separately. 

ACTIVE  HYPER.UMIA. 

Active  hyperfemia  is  an  excess  of  blood  in  the  arteries 
of  a  part,  with,  in  most  cases,  an  acceleration  of  the 
flow. 

Causes.— The  causes  of  active  hyperajmia  may  be 
divided  into  those  which  increase  blood-pressure,  and 
those  which  diminish  arterial  resistance. 

1.  Increased  Blond-presmre — This  occurs  most  com- 
monly from  interruption  of  the  main  current  of  blood  in 
any  particular  part,  owing  to  which  increased  pressure  is 
thrown  upon  the  collateral  vessels.  These  vessels  thus 
become  dilated,  the  amount  of  blood  in  them  is  increased, 
and  the  flow  is  accelerated.    This,  which  is  known  us 
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coUateral  hijpercemia,  is  seen  after  the  obstructioa  of  the 
main  current  from  any  canse.  as  from  the  ligature  of  the 
vessel,  or  from  its  occlusion  by  a  thrombus  or  embolus. 
(See  "  EmboHsm.") 

General  obstruction  in  the  capillaries  of  a  part  will  in 
the  same  way  cause  a  compensatory  hyperasmia.  This  is 
exemijlifiecl  by  the  application  of  external  cold,  causing 
contraction  of  the  superficial  capillaries  and  congestion 
of  internal  organs  ;  and  by  obstruction  of  the  capillaries 
in  one  part  of  an  organ  causing  hyperaemia  of  the  parts 
adjacent. 

2.  Diminished  Arterial  E.esistance. — This  is  much  the 
most  frequent  cause  of  active  hypersemia.  It  may  arise 
from — 

a.  Relaxation  or  paralysis  of  tlie  ivall  of  the  vessel. — 
The  relaxation  of  the  muscular  coat  of  the  vessels  and 
their  consecjuent  dilatation,  may  be  owing  to — 1st,  ex- 
ternal warmth  ;  2ud,  direct  paralysis  of  the  vaso-motor 
nerve ;  -Srd,  indirect  j^aralysis  of  the  vaso-motor  nerve ; 
and  4th,  changes  in  the  walls  of  the  vessel  resulting  from 
injury  independently  of  the  nervous  centres.  External 
warmth  is  a  common  cause  of  hypera3mia.  This  is  seen 
in  the  effect  of  warm  baths,  fomentations,  &c. 

The  effects  of  direct  paralysis  of  the  vaso-motor  nerves 
are  seen  in  the  active  congestion  of  the  head  and  neck 
which  follows  pressure  upon  the  sympathetic  in  the  neck, 
as  by  an  aneurism;  and  in  the  unilateral  congestion 
which  results  from  experimental  sections  or  disease  of  one 
half  of  the  spinal  cord.  Some  emotional  conditions  also 
ai'e  attended  by  paralysis  of  the  vascular  nerves  and  con- 
sequently by  ' active  hyperasmia;  this  is  seen  in  blush- 
ing. Certain  substances,  again,  taken  internally,  produce 
vaso-motor  paralysis,  as  the  nitrite  of  amyl,  alcohol, 
tobacco,  &c. 

Indirect  or  reflex  paralysis  of  the  vaso-motor  nerves  is 
most  frequently  due  to  irritation  of  sensory  uei-ves.  The 
dilating  action  of  the  irritated  sensory  nerve  is  usually 
confined  to  the  region  supplied  by  it.    Of  the  numerous 
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examples  of  liyperEemia  from  tliis  cause,  may  be  men- 
tioiieJ  that  whicli  follows  injury  of  the  conjunctiva,  the 
hypera^mias  associated  with  facial  neuralgias,  and  the 
priapism  that  often  results  from  irritation  of  the  urethra. 
The  hypertemia  of  the  skin,  caused  by  friction  and  ins- 
tating substances,  is  also  due  to  the  same  cause. 

HyperiBmia  from  the  direct  injury  of  the  walls  of  the 
vessel  independently  of  the  nervous  system  occurs  as 
the  earliest  change  in  the  jsrocess  of  inflammation.  In 
inflammation,  the  irritation  is  so  severe  as  to  cause  not 
only  dilatation .  of  the  vessel  and  accelerated  blood-flow, 
but  also  a  subseqiient  retardation  of  the  circulation  and 
exudation  of  Hquor  sanguinis  and  blood-corpuscles.  (See 
'•  Inflammation.")  If  the  injury  be  less  intense  or  less 
prolonged  in  its  action,  it  produces  simply  dilatation  of 
the  vessels  and  increased  rapidity  of  flow — i.e.  active 
hyperemia. 

^.  Sudden  removal  of  external  pressiore. — The  sudden 
removal  of  external  pressure  from  vessels  is  followed  by 
their  dilatation,  and  consequently  by  hypereemia.  As 
esami^les  of  hypertemia  from  this  cause,  may  be  mentioned 
that  which  results  from  the  sudden  removal  of  ascitic 
fluid,  and  of  the  fluid  from  a  hydrocele. 

The  removal  of  atmospheric  pressure  from  a  part  such 
as  is  done  by  dry  cupping,  although  often  included  under 
this  head,  really  produces  quite  a  different  result.  Here 
not  only  the  arteries  are  involved,  but  also  the  veins  and 
capillaries,  so  that  the  part  fills  with  blood  both  from  the 
arterial  and  venous  sides  of  the  circulation.  The  blood- 
flow  also  instead  of  being  accelerated  is  retarded,  and  there 
is  often  complete  stasis. 

^  7-  Atony  of  the  ivalh  of  ike  vesnds  from  mal-niUri- 
H-on.— This  in  a  much  less  important  cause  of  hyperajmia. 
Fatty  degeneration  of  the  muscular  and  internal  coats  of 
the  smaller  arteries  may,  however,  in  some  cases  lead  to 
their  dilatation,  and  thus  be  a  cause  of  active  hypera)mia. 

liiisui/rs.— The  results  of  active  hyperasmia  are  princi- 
pally such   as   might  be  expected  to  follow  from  an 
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increase  in  the  amount  of  the  arterial  blood,  and  in  the 
rapidity  of  its  flow,  in  any  particular  or-au  or  tissue. 
There  is  increased  redness  and  pulsation,  a  seusation  of 
throbbing  being  often  experienced  by  the  patient.  There 
IS  also  some  increase  in  bulk.    The  temperature  at  the 
same  time  undergoes  a  marked  elevation,  sometimes  as 
much  as  3°  Cent.    If  the  hyperasmia  be  of  long  duration 
the  small  arteries  become  permanently  enlarged,  their 
walls  gradually  thicken,  and  the  peri-vascular  connective 
tissue  may  increase.    Hypertrophy  of  other  tissues  is 
also  a  frequent  result.    (See  "Increased  Nutrition"'  and 
"Hypertrophy.")    Function  may,  or  may  not  be  inter- 
fered with.    It  is  in  the  nervous  centres  that  functional 
changes  are  most  marked.    They  include  great  excita- 
bility, parajsthesias  of  sight  and  hearing,  convulsions,  ic. 
In  the  skin,  kidneys,  and  other  secreting  organs,  the 
secretions  are  usually  increased. 


MECHANICAL  HYPER.EIEIA. 

^    In  mechanical  hyjiertemia,  the  excess  of  blood  is  jji-inci- 
^  pally  in  the  veins,  and  the  flow,  instead  of  being  accele- 
■ '  rated,  is  retarded. 

Causes.— The  causes  of  mechanical  hyperasraia  are 
such  as  interfere  with  the  return  of  the  blood  by  the 
veins,  either  by  directly  impeding  its  exit  from  any  vein 
or  system  of  veins,  or  by  diminishing  tlie  normal  circu- 
lating forces.    They  are — 

I.  A  direct  Impediment  to  flic  Eeturn  of  Blood  by  the 
Veins.— This  is  the  most  fertile  cause  of  mechanical 
hypera3mia.  Any  obstruction  to  the  return  of  blood  by  , 
the  veins  is  followed  by  distension  and  impeded  flow 
behind  the  obstruction.  The  congestion  of  some  of  the 
abdominal  viscera  which  results  from  the  obstruction  to 
the  portal  circulation  in  cirrhosis  of  the  liver  ;  that  of  the 
lung  in  mitral  constriction  and  regurgitation ;  that  of  the 
systemic  circulation  in  insufficiency  of  the  tricuspid  valve  ; 
and  that  of  the  lower  extremities  from  the  pressure  of  the 
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gravid  uterus  on  the  iliac  veins,  area  few  of  tlie  numerous 
familiar  examples  of  mechanical  hyperosmia  from  this 
cause. 

2.  Diminished  Cardiac  Poller.— This  is  one  of  the  most 
important  causes  of  mechanical  hyperaamia.  The  motor 
power  of  the  heart  becomes  impaired  in  many  of  the 
chronic  exhausting  diseases,  also  in  the  acute  febrile 
diseases,  as  iu  typhus  and  typhoid  fever,  and  in  all  those 
conditions  of  degeneration  of  its  structure  which  lead  to 
the  dilatation  of  its  cavities.  In  whichever  of  these  ways 
the  vis  a  terrjo  is  diminished,  it  will  tend  to  produce  that 
diminished  fulness  of  the  arteries  aud  over-fulness  of 
the  veins  which  is  so  familiar  clinically  as  the  result  of 
cardiac  failure.  Not  only  so,  but  if  the  condition  be  of 
long  duration,  there  is  necessarily  so  much  interference 
with  the  changes  of  the  blood  in  the  lungs,  with  the 
function  of  the  blood-forming  organs,  and  with  the  pro- 
cesses of  digestion  and  assimilation,  that  the  blood  itself 
becomes  deteriorated,  and  thus  the  nutrition  of  the 
tissues  generally  suffers. 

3.  G-ravitation— This  becomes  an  important  auxiliary 
in  the  production  of  hyperajmia  in  disease,  especially 
when  it  is  associated  with  diminished  cardiac  power. 
The  effect  of  gravitation  in  determining  congestion  of  the 
most  dependent  parts  is  exemplified  in  chronic  exhaustive 
and  in  many  of  the  acute  febrile  diseases,  in  which  the 
nutrition  generally  becomes  impaired,  the  heart's  power 
weakened,  and  in  which  the  patient,  confined  to  bed,  is 
unable  frequently  to  change  his  position.  The  integu- 
ments of  the  back,  and  the  posterior  portions  of  the  lungs, 
are  the  parts  which  are  thus  most  frequently  affected. 
(Hypostatic  Congestion).  Gravitation  in  the  same  way 
determines  the  initial  swelling  of  the  legs  in  cases  of 
cardiac  dropsy. 

4.  Increased  Local  B.osisf,a.nce.—T\ua  results  from  dis- 
eased conditions  of  the  arterial  walls,  owing  to  which  they 
either  lose  their  elasticity  and  contractility  and  thus 
their  power  of  equalising  and  regulatiig  the  blood-flow, 
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or  become  considerably  enlarged.  In  eitber  case  the  cir- 
culation will  be  impeded,  there  will  be  an  accumulation 
of  blood  and  retardation  of  flow  in  the  veins  bej'ond,  and 
the  veins  themselves  will  gradually  become  relaxed  and 
dilated.  Such  conditions  may  arise  from  simple  atony 
of  the  arterial  walls,  or  from  atheromatous,  fatt}',  or 
calcareous  changes.  They  are  most  common  in  advanced 
life.  The  part  they  play  in  the  production  of  senile 
gangrene  has  been  already  alluded  to.  (See  "  Senile 
Gangrene.") 

Results. — Whether  there  be  a  direct  impediment  to 
the  return  of  blood  by  the  veins  or  a  failure  in  the  cir- 
culating forces,  the  veins  and  capillaries  dilate,  and  the 
blood  accumulates  in  them  and  moves  with  diminished 
velocity.  The  subsecjuent  changes  will  depend  upon  the 
amount  of  obstruction  to  the  venous  return  and  the  force 
of  the  arterial  circulation  ;  in  other  words,  upon  the 
amount  of  pressure  and  the  relation  of  the  pressure  in 
the  arteries  to  that  in  the  veins.  The  most  important  of 
these  changes  are  the  transudation  of  serum,  the  diope- 
desis  of  the  red  hlood- corpuscles,  hcemorrhage,  fibroid 
induration,  thrombosis ,  Siud  necrosis. 

1.  Transudation  of  Serum. — This,  which  is  one  of  the 
most  important  results  of  mechanical  hyperosmia,  is  due 
to  the  difference  in  the  amount  of  blood-flow  to  and  from 
the  part.  Hence,  the  greater  the  impediment  to  the  re- 
turn by  the  veins,  and  the  greater  the  arterial  supply,  the 
greater  the  tendency  to  transudation.  The  influence  of 
the  arterial  supply  upon  the  amount  of  transudation  is 
shown  experimentally  by  producing  dilatation  of  the  ar- 
teries by  section  of  their  vaso-motor  nerves.  If  in  the  rabbit 
the  main  vein  of  the  ear  be  ligatured  on  both  sides,  and 
the  sympathetic  be  divided  in  the  neck  on  one  side,  the 
transudation  of  serum  into  the  ear  of  that  side  on  which 
the  nerve  was  divided  will  be  very  considerable,  whilst  on 
the  other  side  it  will  be  slight,  or  entirely  wanting.  The 
serum  transudes  mainly  from  the  capillaries  and  small 
veins,  and  not  from  the  small  arteries.    It  diflers  from 
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blood-senim  in  being  of  lower  specific  gravity,  and  in 
containing  more  water  and  less  of  tlie  solid  constituents. 
The  greater  the  pressure,  the  more  nearly  does  the  trans- 
uded liquid  resemble  the  liquor  sanguinis,  and  the  greater 
is  the  amount  of  albumen  which  it  contains.  If  the  pres- 
sure be  very  great  it  may  yield  a  fibrinous  coagulum. 

This  augmented  transudation  from  the  blood-vessels 
causes  an  increase  in  the  absorption  by  the  lymphatics, 
and  this  increase  may  be  sufficient  to  prevent  any  ac- 
cumiilation  of  serum  in  the  part — as  is  the  case,  for 
example,  in  the  ear  of  the  rabbit,  where  the  main  vein 
is  obliterated  but  the  arteries  are  not  dilated  (see  antea). 
Where  the  lymphatic  absorption,  however,  is  insufficient 
to  remote  the  transuded  liquid,  this  accumulates  and 
gives  rise  to  mdema  and  dropsical  effusion.  The  amount 
of  transudation  will  be  influenced  by  the  anatomical 
characters  of  the  tissue,  being  most  in  those  parts  in 
which  the  blood-vessels  are  least-  supported,  aa  in  the 
subcutaneous  tissue,  and  in  tissues  which  present  a  free 
surface,  as  serous  and  mucous  membranes.  A  lax  and 
toneless  condition  of  the  vessels  will  also  favour  trans- 
udation. 

2.  Diapedesis  of  Red  Blood-corpusclos. — "When  the 
obstruction  to  the  venous  retmm  is  very  great,  not  only 
does  serum  transude  from  the  veins  and  capillaries,  but 
some  of  the  red  blood-corpuscles  also  escape  from  the 
sa-ne  vessels.  This  diapedesis  of  the  red  corpuscles  in 
conditions  of  mechanical  hypersemia  was  discovered  by 
Cohnheim.  It  may  be  observed  in  the  web  or  tongue 
of  the  frog  after  ligature  of  the  main  vein.  The  red  cor- 
puscles accumulate  in  increasing  numbers  in  the  veins 
and  capillaries,  the  blood-stream  in  these  vessels  com- 
pletely stagnates,  the  red  corpuscles  become  so  closely 
packed  that  their  individual  outlines  are  scarcely  dis- 
tinguishable, the  coherent  mass  oscillates  to  and  fro  with 
the  arterial  pulsation,  and  then  suddenly  some  of  the 
red  corpuscles  penetrate  the  walls  of  the  small  veins  and 
capillaries  and  escajjc  into  the  surrounding  tissue.  This 
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diapedesis  occurs  without  rupture  of  the  vessel,  aud  if 
the  ligature  be  removed,  the  hlood  again  circulates  in  a 
perfectly  normal  manner.  The  corpuscles  appear  to  be 
squeezed  throiTgh  the  capillary  walls  as  the  result  of  the 
pressure.  They  rarely  escape  in  great  numbers,  and  they 
possibly  do  so  by  passing  through  the  stomata  which 
Eeckliughausen  has  shown  to  exist  between  the  endothelial 
elements ;  although  Cohnheim  considers  that  the  exist- 
ence of  these  is  not  uecessary  to  account  for  the  diape- 
desis. 

3.  Hcemorrhage. — Tliis  is  another  result  of  mechanical 
hypersemia.  It  usually  occurs  only  when  the  obstruction 
to  the  venous  current  is  very  great.  Those  vessels  which 
are  the  least  supported  are  the  first  to  give  way.  The 
htemorrhage  into  the  stomach  in  cirrhosis  of  the  liver, 
and  into  the  lung  in  mitral  disease,  are  famiUar  examples 
of  hasmorrhage  from  this  cause. 

4.  Fihroid  Induration. — This,  which  is  due  to  a  gradual 
increase  in  the  connective  tissue  around  the  blood-vessels, 
is  one  of  the  most  important  results  of  long  continued 
mechanical  hyperasmia.  The  insterstitial  growth  leads  to 
atrophy  of  the  other  structures,  and  thus  to  impairment 
of  the  functions  of  the  organ.  In  the  stomach,  it  produces 
atrophy  of  the  glandular  structures  ;  in  the  kidney,  com- 
pression of  the  urine  tubes  ;  in  the  liver,  obstruction  to 
the  i^ortal  circulation ;  iu  the  heart,  diminution  in  motor 
power.  The  alterations  which  this  change  produces  in 
the  physical  characters  of  the  organs — viz.,  a  hardness 
and  induration  associated  with  abnormal  redness  or 
pigmentation  due  to  the  excess  of  blood,  are  exceedingly 
characteristic. 

u.  Thrombosis. — This,  as  a  result  of  mechanical  ob- 
struction, will  be  desci'ibed  in  the  following  chapter. 

6.  Necrosis. — This  only  occurs  from  mechanical  hy- 
peremia when  the  obstruction  is  very  general  and  com- 
]3lete.  It  has  been  already  described  uuder  the  head  of 
"  Necrosis." 

In  addition  to  the  foregoing,  long-continued  mechanical 
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hypersEmia  leads  to  impairment  of  vitality  and  function. 
The  tissues  gradually  atrophy  and  iindergo  retrogressive 
changes,  although  from  the  amount  of  serosity  and  blood 
which  they  contain,  their  size  and  absolute  weight  may 
be  increased.  Their  temperature  becomes  lowered.  This 
form  of  hyperasmia  has  no  tendency  to  cause  hypertrophy. 
In  mucous  membranes  it  gives  rise  to  catarrh. 

Pig.  63. 


Nutmeg  TAver. — Showing  the  destruction  of  the  liver-cells 
and  the  pigmentation  of  the  central  portions  of  the  acinus, 
together  with  the  new  growth  of  connective  tissue  at  the 
periphery.  V.  Hepatic  vein.  P.  Portal  canal.  x  50. 
(When  the  specimen  is  more  highly  magnified,  the  peri- 
pheral connective  tissue  growth  is  seen  to  contain  nu- 
merous nuclei.) 

Mechanical  Hypee^emia  of  toe  Livee. — Nutmeg 
LivEK. — Long-continued  mechanical  hypersomia  of  the 
liver  gives  rise  to  the  condition  known  as  Ntdmeg  Liver. 
This  is  the  condition  which  so  frequently  results  from 
disease  of  the  heart.    The  change  is  characterised  by  a 
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large  accumulation  of  blood  in  the  hepatic  veius,  by  dila- 
tation and  thickening  of  these  veius,  by  atrophy  of  the 
hepatic  cells  in  the  central  portions  of  the  acini,  and  by 
an  increase  in  the  interlobular  connective  tissue.  The 
impediment  to  the  return  of  blood  by  the  hepatic  vein 
leads  to  atrophy  of  the  cells  in  the  central  portions  of  the 
acmi  and  also  to  the  formation  of  granular  pigment,  so 
that  when  examined  microscopically,  these  portions  of 
the  acini  are  seen  to  consist  of  broken-down  cells  and 


Fig.  64. 


Naimerj  Liver. — Portion  of  Pio;.  63,  around  central  liepatic 
vein  (V),  more  highly  magnified.  Showing  the  thickening 
of  the  veins,  and  tlie  accumulation  of  red  blood-coquiscles 
within  them,    x  400. 

granules  of  pigment.  (Fig.  63.)  The  veins  here  are  found 
much  dilated,  and  filled  with  red  blood-corpuscles.  (Fig. 
64.)  Their  walls  are  thickened,  and  there  often  appears 
to  be  also  more  or  less  thickening  of  the  intercelluhir  net- 
work which  immediately  surrounds  the  central  vein. 
Owing  to  this  thickening  of  the  central  vein  and  of  the 
adjacent  intercellular  network,  and  to  the  destruction 
of  the  liver-cells,  the  most  central  portions  of  the  acini, 
in  advanced  stages  of  the  disease,  may  i^rcseut  a 
fibrous  appearance.    At  the  peripheral  parts  of  the  acini 
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the  uew  interlobular  growth  is  seen  insinuating  itself 
between  the  almost  unaltered  liver  cells.  This  new  inter- 
lobular growth  is  usually  distinctly  nucleated,  but,  for  the 
most  part,  less  so  than  that  met  with  in  cirrhosis.  Its 
cellular  character  has  bean  especially  insisted  upon  by 
Dr.  Wickham  Legg. 

In  the  earlier  stages  of  this  affection  the  liver  is  often 
considerably  increased  in  size  from  the  large  amount  of 
blood  which  it  contains.  On  section,  it  presents  a  peculiar 
mottled  appearance,  the  centre  of  the  lobules  being  of 
a  dark  red  colour,  whilst  the  peripheral  portions  are  of 
a  yellowish-white.  This  latter  ajDpearance  is  often  in- 
creased by  the  presence  of  more  or  less  fat  in  the  peri- 
pheral liver-cells.  Ultimately  the  organ  may  undergo  a 
gradual  diminution  in  size.  This  is  due  partly  to  the 
atrophy  of  the  cells  in  the  central  portions  of  the  lobule, 
and  partly  to  the  pressure  of  the  intei-lobulav  growth. 
The  interlobular  growth  tends  to  cause  obstruction  to  the 
portal  circulation,  as  in  cirrhosis. 

Mechanical  Hyper^emia  of  the  Lukgs. — In  the  lungs, 
long-continued  mechanical  hyperaamia  produces  that 
peculiar  induration  and  pigmentation  of  the  organs 
which  is  known  as  Broivn  Induration.  This  condition 
most  fref|uently  results  from  stenosis  and  insufficiency  of 
the  mitral  orilice.  The  alterations  prodttced  in  the  pul- 
monary texture  consist  in  the  first  place  of  elongation 
and  dilatation  of  the  pulmonary  capillaries,  so  that  even 
in  uninjected  preparations  the  alveolar  walls  appear  ab- 
normally tortuous.  The  epithelial  cells  lining  the  aveoli 
also  become  swollen  and  probably  multiply,  and  they 
are  seen  in  large  numbers,  filled  with  dark  brown  pig- 
ment, covering  the  alveolar  walls.  (Fig.  65.)  They  fre- 
quently accumulate  within  the  aveolar  cavities.  These 
changes  are  followed  by  an  increase  in  the  interlobular 
connective  tissue,  by  the  formation  of  large  quantities  of 
brownish-black  pigment,  and  often  by  a  thickening  of  the 
alveolar  walls.  Sometimes  the  pulmonary  cai:iillaries 
rupture,  and  blood  is  extravasated  into  the  lung-tissuc. 
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Lungs  in  wliicli  these  changes  ai-e  at  all  advanced  pre- 
sent a  more  or  less  uniform  brownish-red  tint,  mottled 
with  brown  or  blackish-coloured  specks   and  streaks. 


Fig.  65. 


Brown  Induration  of  the  Lung. — Showing  the  abnormal 
number  of  swollen  pigmented  epithelial  cells  covering 
the  alveolar  walls,  the  increase  of  connective  tissue 
around  the  blood-vessel,  o,  and  the  large  qviantity  of  pig- 
ment,   h.  The  alveolar  cavity,    x  200. 

They  are  heavier  and  tougher  than  natural,  less  crepi- 
tant, and  upon  squeezing  them  the  piilmonary  tissue  is 
found  to  be  denser  and  thicker  than  that  of  a  healthy 
lung. 


PosT-MoBTEM  AprEAKANCEs  OF  HYPEREMIA. — The  post- 
mortem appearances  j^resented  by  hypera^mic  organs  and 
tissues  vary  considerably.  Very  frequeutl}^  parts  which 
were  hyperasmic  during  life  show  no  signs  of  it  after 
death.  If  the  blood  does  not  coagulate  rapidl^^  it  passes 
on  into  the  veins,  and  thus  the  recognition  of  arterial 
and  capillary  hyperfemia  very  often  becomes  imjDossible. 
The  effect  of  gravitation  must  also  be  taken  into  account 
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in  estimating  hyperremia.  After  death  tlie  blood  natu- 
rally gravitates  to  the  most  dependent  parts : — this  is 
seen  in  the  post-mortem  congestion  of  the  posterior  por- 
tions of  the  lungs,  and  of  the  most  dependent  portions  of 
the  various  coils  of  the  intestine.  The  uniform  redness 
of  post-mortem  staining  again,  must  not  be  confounded 
with  the  redness  of  hyperaemia.  In  capillary  and  arterial 
hyperEemia,  the  colour  is  red,  and  the  injection  often 
presents  the  appearance  of  a  capilliform  network.  If 
very  intense  it  may  to  the  naked  eye  appear  uniform,  but 
a  lens  will  always  discover  its  capillary  nature.  When 
the  veins  are  the  seat  of  the  hypertemia  the  injection  is 
called  ramiform,  and  the  colour  is  dai'k  blue. 

The  anatomical  peculiarities  in  the  distribution  of  the 
blood-vessels  will,  however,  materially  affect  the  apjDear- 
ance  of  the  hypertemia.  In  the  intestines  it  is  often 
punctiform,  being  situated  in  the  vessels  of  the  villi ;  so 
also  in  the  kidney,  when  its  seat  is  the  Malpighian  cor- 
puscles. A  punctiform  appearance  may  also  be  produced 
by  minute  extravasations  of  blood.  If  the  hyperaemia  is 
of  long-standing,  the  tissue  becomes  pigmented.  This  is 
often  well  seen  in  the  stomach  and  intestines,  also  in  the 
lungs. 


CHAPTER  XXVI. 


THEOMBOSIS. 

Thrombosis  is  a  coagulation  of  the  blood  witliiu  the 
vessels  dnriiio-  life.  The  coaffulum  is  called  a  tliroinh'.s. 
It  may  form  in  the  heart,  in  the  arteries,  in  the  capil- 
laries, or  ill  the  veins.  It  is  much  the  most  common  in 
the  last-named  vessels. 

Caitses.; — The  phenomenon  of  blood-coagulation  has 
been  specially  studied  by  Prof.  Alex.  Schmidt,  and  has 
been  shown  by  this  observer  to  depeud  largely  ujDon  the 
white  blood-corpuscles.  The  fibrin  is  formed  by  the  union 
of  two  fibrin  generators — fibrinogen  and  paraglobiilin, 
and  this  union  is  effected  by  a  fibrin  fermeut.  The 
fibrinogen  exists  as  such  in  the  liquor  sanguinis,  but 
the  ferment  and  the  greater  part  of  the  paraglobulin  are 
contained  in  the  white  blood-corpuscles.  A  destruction 
of  some  of  these  corijuscles  and  the  liberation  of  the 
ferment  and  paraglobulin  is  thei-efoi'e  necessary  in  order 
for  coagulation  to  take  place. 

The  fluidity  of  the  blood  diaring  life  is  dne  to  its 
continuous  contact  with  the  living  walls  of  the  heart  and 
blood-vessels.  Whatever,  therefore,  intei'feres  with  this 
continuous  contact,  or  impairs  the  vitality  of  the 
vessels  in  which  the  blood  circulates  will,  by  leading  to 
the  destruction  of  some  of  the  white  corpuscles,  prevent 
fluidity  and  caiise  coagulation.  An  interference  with  the 
continuous  contact  of  the  blood  with  the  vascular  walls 
results  from  retardation  of  the  blood-flow.  Impairment 
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of  vitality  of  the  vessels  must  involve  the  endothelium  in 
order  for  it  to  cause  coagiilation — as  long  as  the  endothe- 
lium remains  normal  alterations  in  the  walls  of  the 
vessels  will  not  cause  thromhosis.  In  many  cases  the 
coagulation  is  due  partly  to  retarded  blood- flow  and 
partly  to  abnormal  endothelium. 

1.  Thromhosis  from  Betarclation  of  the  Blood-floio  may 
result  from — 

«.  Interruption  or  narrowing  of  the  vessel. — This  occurs 
after  the  application  of  a  ligature.  Coagulation  com- 
mences at  the  point  of  contact,  and  extends  as  far  as  the 
first  large  collateral  branches,  thus  permanently  closing 
the  vessel.  The  laceration  of  the  inner  coat  of  the  artery 
by  the  ligature,  and  the  folds  into  which  it  is  thrown, 
contributes  very  materially  to  the  formation  of  the  clot. 
The  pressure  exercised  by  tumours,  cicatricial  tissue, 
extravasations  of  blood,  and  the  closure  of  a  vessel  by 
the  impaction  of  an  embolus,  may  in  the  same  way  by 
impeding  or  arresting  the  circulation  cause  thrombosis. 
General  obstruction  in  the  capillaries  of  a  part  also  caxisea 
coagulation  in  the  adjacent  veins. 

/3.  Solution  of  the  continuity  of  the  vessel. — The  forma- 
tion of  a  thrombus  after  the  division  or  tearing  of  a  vessel 
constitutes  the  means  by  which  hfemorrhage  is  imme- 
diately arrested — there  must  be  either  thrombosis  or  con- 
tinuous hEemorrhage.  In  the  arteries,  the  severed  end  of 
the  vessel  contracts  and  retracts  within  its  sheath,  coagu- 
lation commences  around  it  and  extends  upwards  as  far 
as  the  first  large  collateral  branch.  In  the  veins,  hasmor- 
rhage  is  frequently  arrested  by  the  valves,  and  the  forma- 
tion of  a  thrombus  will  evidently  depend  upon  the  rela- 
tive situations  of  the  valves  and  collateral  vessels.  The 
hajmorrhage  from  the  iiterus  after  the  separation  of  the 
placenta  is  arrested  either  by  uterine  contraction  or  by 
thrombosis.  In  all  these  cases  the  injury  to  the  walls  of 
the  vessels  is  an  important  element  in  the  causation  of 
the  coagulation. 

y.  Dilatation  of  the  vessels,  or  of  the  heart. — The  most 
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familiar  example  of  thrombosis  from  this  cause  is  that 
which  occurs  in  au  aneurism.  The  greater  the  amount  of 
dilatation  the  greater  is  the  retardation  of  the  blood-flow. 
The  coagulation  commences  at  the  sides  of  the  vessel,  and 
may  extend  until  it  completely  fills  the  cavity.  It  is  often 
favoured  by  atheromatous  or  other  changes  in  the  walls 
of  the  sac.  Coagulation  from  the  same  cause  is  not  un- 
common in  the  dilated  plexuses  of  the  prostate  gland. 
In  the  heart,  thrombosis  is  most  frequent  in  the  auricles. 
It  usually  commences  in  the  auricular  appendix,  where 
there  is  very  little  propulsive  power,  and  it  may  gradually 
extend  into  the  auricular  cavity.  It  is  also  met  with  in 
the  ventricles,  commonly  commencing  here  between  the 
columnjB  carne£B. 

5.  Diminished  cardiac  poiver. — This  is  a  common  cause 
of  thrombosis  in  the  veins.  The  coagulation  commences 
just  behind  the  flaps  of  the  valves,  from  which  it  gradually 
extends  into  the  cavity  of  the  vessel.  This  appears  to  be 
owing  to  the  force  of  the  current  not  being  sufficiently 
strong  to  completely  open  the  valves,  and  the  blood  con- 
sequently stagnates  and  coagulates  behind  them.  The 
crural  and  iliac  veins,  the  venous  plexuses  of  the  back, 
and  the  cerebral  sinuses,  are  the  situations  in  which 
thrombosis  from  this  cause  is  most  frequently  met  with. 
It  occurs  in  the  course  of  many  chronic  exhausting  dis- 
eases in  which  the  cardiac  power  becomes  diminished,  and 
is  especially  frequent  in  phthisis,  cancer,  &c.  The  state 
of  the  blood,  which  often  has  an  abnormal  tendency  to 
coagulate,  together  with  the  quiescent  condition  of  the 
patient,  materially  aid  in  causing  the  coagulation. 

2.  Tkromhosis  from  Abnormal  Conditions  of  the  Vessels 
or  of  the  Blood. 

a.  Causes  in  the  vessels— AW  those  alterations  in  the 
walls  of  the  vessels  which  are  accompanied  by  loss  or  by 
marked  impairment  of  the  vitality  of  the  endothelium 
cause  thrombosis.  The  abnormal  surface  acts  as  a  foreign 
body  and  the  blood  coagulates  upon  it,  and  it  may  con- 
tinue to  do  so  until  the  cavity  of  the  vessel  becomes  filled 
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with  coagulum.  Thi-ombi  produced  in  this  way  are  con- 
sequently stratified.  The  walls  of  a  vessel  may  become 
altered  as  the  result  of  inflammatory  processes,  and 
inflammation  was  formerly  regarded  as  the  main,  if  not 
the  only,  cause  of  thrombosis ;  hence  thrombosis  in  veins 
is  frequently  termed  "phlebitis"  even  at  the  present  day. 
Inflammation  of  veins  is  certainly  rare  as  a  primary  con- 
dition, although  it  not  unfrequently  results  from  the 
formation  of  a  thrombus  ;  and  when  occurring  primarily, 
inflammatory  processes,  both  in  the  arteries  and  the  veins, 
have  their  seat  in  the  external  and  middle  coats  or  in  the 
deeper  layers  of  the  intima.  They  never  commence  in 
the  lining  membrane  of  the  vessel ;  this  only  becomes 
afi'ected  secondarily.  The  endothelium  may  be  thrown 
off  or  die  as  the  result  of  the  inflammatory  process,  and 
when  this  has  occurred  the  blood  coagulates.  Such  in- 
flammatory changes  occur  in  the  arteries,  constituting  the 
condition  known  as  "  atheroma."  which,  in  the  smaller 
vessels,  may  be  a  cause  of  thrombosis.  In  the  heart  they 
constitute  endocarditis ;  and  here  also  coagulation  may 
take  place  upon  the  abnormal  surface  of  the  inflammatory 
vegetations.    (See  "Endocarditis.") 

The  walls  of  a  vessel  may  also  become  altered,  and 
thus  thrombosis  result,  from  inflammation  or  necrosis  of 
the  tissues  in  which  it  is  situated.  The  vitality  of  the 
vessel  becomes  destroyed  and  the  blood  coagulates  within 
it ;  and  by  this  means  the  occurrence  of  haemorrhage  is 
frequently  prevented.  Traumatic  injury  as  a  cause  of 
thrombosis  is  exemplified  by  ligature,  and  by  laceration 
or  division  of  the  vessel.  In  certain  infectious  diseases 
the  endothelium  undergoes  fatty  degeneration,  and  hence 
there  is  a  tendency  to  coagulation.*  Lastly,  the  pro- 
jection of  new  formations,  as  sarcoma,  into  the  cavity  of 
vessels  causes  the  formation  of  a  thrombus. 

jS.  Causes  in  the  blood. — There  can  be  no  doubt  that 
certain  conditions  of  the  blood  favoiir  coagulation,  and 


*  Ponfick.    Virchmv's  Archiv.  Ix.  p.  153. 
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consequently  tend  to  jDromote  the  occurrence  of  throm- 
bosis. The  phenomenon  of  blood-coagulation,  as  already- 
stated,  depends  upon  the  white  blood-cori^uscles,  and  it 
is  well  known  that,  under  certain  circumstances,  an 
increase  in  the  number  of  these  corpuscles  in  the  blood 
favours  the  formation  of  thrombi.  Such  an  increase  is 
frequently  met  with  in  inflammatory  pi-ocesses  which 
involve  largely  the  lymphatic  organs  (leucocytosis).  It 
is  probable  that  other  conditions  of  the  blood,  such  as  a 
loss  of  its  serum,  and  alterations  produced  by  fevers 
and  by  septic  poisons,  may  also  favour  coagulation. 
(See  "  Septicemia.")  An  increased  tendency  of  the 
blood  to  coagulate  has  long  been  known  to  exist  in  many 
acute  inflammatory  diseases,  and  in  the  latter  mouths  of 
pregnancy. 

An  increased  tendency  of  the  blood  to  coagulate,  to 
whatever  circumstances  it  may  be  due,  is,  however, 
probably  never  sufficient  in  itself  to  determine  the^  forma- 
tion of  a  thrombus  ;  it  can  hence  only  be  I'egarded  as  a 
predis]30sing  cause.  It  is  especially  in  those  conditions 
in  which  the  circulation  is  impeded  from  diminished 
cardiac  power,  that  it  becomes  an  important  agent  in 
producing  thrombosis. 

Characters,  &c.,  of  Thrombi. — The  thrombus  may 
completely  or  only  partially  fill  the  cavity  of  the  vessel. 
In  most  cases,  however,  when  coagulation  has  com- 
menced, it  proceeds  until  the  vessel  is  obsti'ucted,  and 
when  once  this  has  occurred,  the  formation  of  the 
thrombus  continues  to  extend  in  the  course  of  the  vessel 
until  it  meets  with  a  current  of  blood  strong  enough  to' 
arrest  its  jjrogrcss.  Its  ultimate  extent  will  thus  mainly 
depend  iipon  the  vessel  in  which  it  is  formed,  upon  the 
size  and  situation  of  the  collateral  branches,  and  upon 
the  force  of  the  circulating  current.  The  direction  in 
which  the  coagulation  principally  extends,  whether  in 
the  ai'teries  or  the  veins,  is  consequently  backwards, 
from  vessels  of  smaller  to  those  of  larger  calibre ;  the 
formation  of  the  thrombus  continuing  uutil  it  meets 
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with  a  current  sufficiently  strong  to  restore  the  circula- 
tion, which  in  many  cases  is  as  far  as  the  entrance  of 
the  next  large  collateral  vessel.  For  the  same  reasons 
the  extension  of  thrombi  is  usually  much  greater  in  veins 
than  arteries.  In  the  cajDillaries,  coagulation  occurs  only 
as  the  result  of  necrosis  of  the  capillary  walls,  con- 
sequently in  thrombosis  from  retardation  of  the  circula- 
tion the  coagulation  will  not  extend  in  these  vessels. 
The  end  of  the  thrombus  nest  the  heart  is  rounded  and 
conical  in  shape.    (See  Fig.  68,  c.) 

Thrombi  must  be  distinguished  from  the  coagula  that 
form  after  death,  and  also  from  those  formed  in  the  last 
moments  of  life  which  are  so  commonly  found  in  the 
cardiac^  cavities.  Post-mortem  coagula  are  soft,  and  are 
often  divisible  mto  two  layers,  coloured  and  uncoloured ; 
they  do  not  adhere  to  the  walls  of  the  vessel,  and  rarely 
completely  fill  its  cavity.  The  clots  formed  in  the  heart 
just  before  death  constitute  a  connecting  link  between 
post-mortem  coagula  and  thrombi.  They  are  more  or  less 
decolorised,  and  are  firmer  in  consistence  and  more 
fibrinous  than  post-mortem  clots.  They  are  not  firmly 
adherent  to  the  cardiac  walls,  but  are  often  so  entangled 
amongst  the  columnas  carneas,  chorda3  tendineas,  and 
papillary  muscles,  that  they  cannot  be  quite  readily 
separated.  They  appear  to  be  the  result  of  the  mechanical 
defibrination  of  the  blood  by  the  cardiac  contractions  a 
little  while  before  death  ;  the  contractions  not  being  suffi- 
ciently strong  to  empty  the  cavities,  some  of  the  blood 
remains  behind,  and  becomes  "  whipped  up  "  and  defibri- 
nated.  These  clots  are  most  common  in  the  right  cardiac 
cavities,  and  they  often  extend  some  way  iuto  the 
pulmonary  artery,  from  which,  however,  they  can  very 
readily  be  removed.  They  are  met  with  most  frequently 
in  those  cases  in  which  the  death-struggle  has  been  pro- 
longed, and  in  which  there  has  been  a  gradual  loss  of 
power  in  the  cardiac  contractions.  The  existence  of  any 
increased  tendency  of  the  blood  to  coagulate  will  also 
materially  favour  their  formation. 


224  CHANaES  IN  THE  BLOOD  AND  CIECULATION. 


A  thromhus,  or  ante-mortem  clot,  is  firmer,  diyer,  and 
more  fibrinous  than  either  of  the  preceding,  and  it  is 
adherent  to  the  walls  of  the  vessel.     Its  characters,  how- 
ever, vary  with  its  age,  and  according  as  it  originates  in 
quiescent  or  circulating  blood.    When  coagulation  takes 
place  in  quiescent  blood,  as,  for  example,  in  an  artery  or 
vein  after  the  application  of  a  ligature,  the  thrombus  when 
freshly -formed  is  of  a  dark  red  colour  and  soft  gelatinous 
consistence,  closely  resembling  a  post-mortem  clot;  It 
gradually  loses  its  serum  and  so  becomes  dryer,  less 
elastic,  and  more  friable ;  but  as  the  red  corpuscles  are 
contained  in  it,  it  still  keeps  its  red  colour.  The  coagiila- 
tion  also  taking  place  throughout  the  whole  mass  of 
blood,  the  thrombus  maintains  a  more  or  less  uniform 
structure.    When,  on  the  other  hand,  as  is  much  more 
frec[uently  the  case,  coagulation  occurs  in  a  vessel  in 
which  the  blood  is  still  circulating,  as  for  example  in  the 
sac  of  a,n  aneurism  or  on  an  inflamed  cardiac  valve,  the 
thrombus  presents  quite  different  characters  from  the 
foregoing.    Here  the  first  step  in  the  formation  of  the 
thrombus  is  the  continuous  adhesion  of  white  blood- 
corpuscles  to  the  abnormal  surface  of  the  vessel ;  then  upon 
the  little  mass  of  adherent  corpuscles  fibrin  is  deposited, 
more  corpuscles  adhere,  more  fibrin  is  again  deposited, 
and  thus  a  more  or  less  stratified  thrombus  is  produced. 
In  most  cases  but  few  of  the  red  corpuscles  get  entangled 
in  this  process,  so  that  these  thrombi  are  never  so  red  as 
the  other  variety,  but  are  usually  of  a  greyish-white 
colour.    The  red  blood-corpuscles  contained  in  thrombi 
gradually  atrophy  and  disappear,  and  their  colouring 
matter  is  partly  absorbed  and  partly  converted  mto 
pigment.    The  thrombus  thus  becomes  decolorised. 

The  subsequent  changes  which  thrombi  undergo  arc 
organisation  and  softening. 

Organisation.— This  is  most  frequent  in  the  uniform 
unstratified  thrombi,  and  especially  in  those  occurring 
in  arteries.  The  process  consists  in  the  gradual  transfor- 
mation of  the  thrombus  into  vascularised  connective  tissue. 
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A  thrombus  which  is  undergoing  a  process  of  organisa- 
tion gradually  diminishes  in  size,  it  becomes  more  and 
more  decolorised,  firmer  and  more  fibrous  in  consistence, 
its  union  with  the  wall  of  the  vessel  becomes  more  inti- 
mate, and  ultimately  it  may  become  convei-ted  into  a 
fibro-cellular  cord.  These  changes,  although  still  im- 
perfectly understood,  probably  originate  in  the  wall  of 
the  thrombosed  vessel  and  not  in  the  thrombus  itself. 

Soon  after  the  formation  of  the  thrombus  the  red 
corpuscles,  as  already  stated,  disappear,  but  young  cells 


Fig.  66. 


resembling  leucocytes  are  found  in  considerable  numbers. 
Numerous  new  blood-vessels  then  make  their  appearance, 
intersecting  the  thrombus  in  all  directions,  and  also  some 
spindle-shaped  and  anastomosing  cells.  (Fig.  66.)  These 
new  vessels  communicate  with  the  cavity  of  the  throm- 
bosed vessel,  and  with  its  vasa  vasorum.  (Fig.  67.)  The 
thrombus  thus  becomes  replaced  by  a  vascular  fibrillated 
structure  which  gradually  undergoes  a  process  of  atrophy 
and  contraction,  and  the  new  vessels  disappear.  In  the 
process  i^f  contraction  sinuses  arc  often  formed,  by  means 
of  which  the  circulation  is  partially  re-established.  In 
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some  cases  the  thrombus  becomes  calcified,  and  thus  forms 
a  phlebolith. 

The  new  vessels  which  penetrate  the  thrombus  un- 
doubtedly originate  mainly  from  the  vasa  vasorum. 
Respecting  the  source  from  which  the  new  cells  which 
make  their  appearance  are  derived — it  appears  to  be 


Longitudinal  Section  of  the  Ligatured  End  of  the  Crural 
Artery  of  a  Dog,  fifty  Days  after  tlie  Application  of  the 
TAgature. — Sboiviug  tlie  ue%vly-formed  vessels  in  the 
thrombus  and  their  commuuicatiou  with  the  vasa  vaso- 
rum. Til..  Thrombus.  M,  Muscular  coat.  Z.  External 
coat  and  vasa  vasorum.     x  20.    (0.  Weber.) 

probable  that  they  originate  partly  from  the  white 
blood-corpuscles,  and  partly  from  the  endothelial  and 
connective  tissue  cells  belonging  to  the  walls  of  the 
vessel.  E/Ccent  researches  tend  to  show  that  the  endothe- 
lium takes  a  prominent  part  in  the  process.  Whether, 
however,  they  are  all  of  them  the  offsjDriug  of  these 
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elements,  or  wliether  some  of  them  may  not  be  leucocytes 
which  have  penetrated  from  without,  is  unknown.  F)'om 
these  small  cells  the  elongated  connective-tissue  cells  ai'C 
produced.  The  exact  source  from  which  the  fibrillated 
intercellular  •material  is  derived — whether  the  inter- 
cellular coagulum  itself  fibrillates,  or  whether  it  dis- 
appears and  the  fibres  are  derived  from  the  protoijlasm 
of  the  cells — is  uncertain. 

Softening. — If  the  thrombus  does  not  become  organised 
it  usually  undergoes  a  process  of  softening.     This  is 
most  common  in  stratified  thrombi,  and  especially  in 
those  occurring  in  the  veins  and  heart.    It  is  probable 
that  in  some  cases  the  thrombirs  may  become  partially  or 
completely  absorbed.    The  softening  usually  commences 
in   the   centre    of    the   clot,    and   gradually  extends 
towards  the  circumference.    In  one  form  of  softening  the 
thrombus  becomes  converted  into  a  reddish-brown,  soft, 
pulpy  material,  which  sometimes  has  the  appearance  of 
pounded  cooked  meat.     Under  the  microscope  it  is  seen 
to  consist  of  albuminous  granules,  molecular  fat,  and 
more  or  less  altered  red  and  white  blood-corpuscles.  The 
whole  of  the  thrombus  may  become  softened,  or  the  pro- 
cess may  be  limited  to  the  more  central  portions,  whilst 
the  external  layers  become  organised.    Very  frequently, 
as  the  older  portions  of  the  clot  are  becoming  disin- 
tegrated and  softened,  fresh  coagulation  takes  place  at 
its  extremities.    The  thrombus  may  also  become  per- 
forated by  openings  through  which  the  circulation  is  re- 
established.    This,  which  may  occur  in  softened  as  in 
organised  thrombi,  constitutes  what  is  known  as  canalizn- 
tion  of  the  thrombus. 

iVIuch  more  important  than  this  simple  red  softening  of 
thrombi  is  what  has  been  described  by  Virchow  as  yellow 
or  i)uriform  softening.  Here  the  central  portions  of  the 
thrombus  consist  of  a  yellow  or  yellowish-red  material 
which  in  consistence  and  appearance  closely  resemble  pus. 
The  walls  of  the  vessel  within  which  puriform  softening 
of  a  thrombus  is  taking  place  almost  invariably  sooner  or 
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later  become  inflamed,  and  it  was  formerly  believed  that 
the  puriform  material  was  true  pus  and  resulted  from  the 
inflammation  of  the  vessel.  (See  "  Eesults.")  It  is  not 
however  pus,  but  simply  the  softened  and  diflluent 
thrombus.  It  contains  a  few  cells  resemblinor  pus-cells 
which  are  for  the  most  pai-t  the  lencocytes  originally 
contained  in  the  clot,  and  possibly  also  some  ma}^  have 
entered  from  without.  The  puriform  material  is  charac- 
terised physiologically  by  the  property  it  possesses  of 
inducing  iuflammator}^  and  necrotic  changes  in  the  tissues 
with  which  it  comes  into  contact.  This  property  is  due 
to  the  influence  of  bacteria;  and  to  the  presence  and 
action  of  these  organisms  is  probably  also  to  be  ascribed 
the  puriform  transformation  of  the  thrombus.  These 
septic  changes  in  thrombi  are  intimately  associated  with 
the  pathology  of  septicasmia  and  pyasmia,  and  they  will 
be  considered  further  when  ti-eatiug  of  these  subjects. 

Results. — The  results  of  thrombosis  comprise  certain 
changes  in  the  walls  of  the  vessels,  more  or  less  obstruc- 
tion to  the  circulation,  and  embolism.  These  must  be 
considered  separately. 

1.  Changes  in  the  vessels. — More  or  less  alteration  in 
the  wall  of  the  vessel  is  an  invariable  consequence  of  the 
formation  of  a  thrombus.  When  the  thrombus  under- 
goes a  process  of  organisation,  it  becomes,  as  alreadjf 
described,  intimately  united  with  the  vascular  wall.  The 
latter  in  the  first  place  becomes  infiltrated  with  cells  and 
considerably  thickened,  but  ultimately,  together  with 
the  thrombus,  gradually  atrophies.  It  is  when  the 
thi-ombns  is  septic  and  undergoes  a  process  of  yellow 
or  puriform  softening  that  the  most  important  changes 
take  place  in  the  vessel.  These  changes  are  of  an  acute 
inflammatoiy  nature,  and  result  from  the  iujui'ious 
influence  of  the  thron:bus.  They  arc  most  frequcutly 
observed  in  the  veins,  where  septic  thrombi  are  most 
liable  to  occur. 

The  walls  of  a  vein  within  which  a  thrombus  is  under- 
going a  process  of  puriform  softening  are  considerabl}' 
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thickened,  so  that  the  vessel  more  resembles  an  artery. 
The  inner  surface  has  lost  its  translucency.andis  of  adead 
opaque  colour.  The  adveutitia  and  middle  coats  are  hyper- 
cemic  with  numerous  hasmorrhagic  points,  which  latter  are 
often  visible  through  the  intiraa.  Somewhat  later  the 
walls  of  the  vessel  become  infiltrated  with  leucocytes, 
small  collections  of  pus  are  seen  in  the  external  and 
middle  coats,  and  portions  of  the  intuna  may  become 
detached.  The  neighbouring  tissues  may  also  become 
involved.  These  acute  inflammatory  changes  in  veins 
constitute  what  is  known  as  suppurative  plilehitis. 
Although  they  are  most  frequently  due  to  thrombosis, 
they  may  also  occur  as  the  result  of  extension  from 
adjacent  suppurating  tissues,  in  which  case  the  thrombus, 
which  also  undergoes  puriform  softening,  is  secondary  to 
the  phlebitis.  (See  "  Inflammation  of  Veins.")  Similar 
changes  are  observed  in  the  arteries. 

2.  Obstruction  to  the  circulation. — The  consequences  of 
the  obstruction  to  the  circulation  which  results  from  the 
formation  of  a  thrombus  will  depend  upon  the  rapidity 
and  cause  of  its  formation,  the  nature  and  size  of  the 
vessel  obstructed,  the  situation  and  number  of  the  col- 
lateral branches,  and  the  force  of  the  circulating  current. 
The  rapidity  with  which  the  obstruction  is  effected  is  of 
considerable  importance,  inasmuch  as  the  more  gradual 
this  is  the  longer  is  the  time  allowed  for  the  establish- 
ment of  a  collateral  circulation.  For  this  reason  the 
interference  with  the  circulation  caused  by  thrombosis  is, 
for  the  most  part,  less  marked  than  that  which  results 
from  the  more  sudden  obstruction  caused  by  embolism. 
The  cause  of  the  thrombosis  is  important  for  the  reason 
already  stated— viz.,  that  in  that  which  results  from 
retardation  of  the  circulation  the  coagulation  does  not  ex- 
tend in  the  capillary  vessels. 

In  the  veins,  when  thrombosis  occurs  in  a  vessel  of 
small  size  and  there  are  numerous  collateral  branches, 
as  in  the  prostatic  or  uterine  plexuses,  the  circulation  is 
but  little  interfered  with,  and  no  symptoms  of  obstruc- 
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tiou  i-esult.    If,  however,  the  main  ti-unk  of  a  large  vein 
becomes  obliterated,  as  that  of  the  femoral  or  iliac  veins, 
the  obstruction  is  followed  by  hypera3mia,  the  extent  and 
duration  of  which  will  depend  upon  the  facility  with 
which  the  circulation  can  be  restored  by  the  collateral 
vessels.    Thrombosis  in  the  above-named  veins  frequently 
occurs,  as  already  stated,  in  the  latter  stages  of  many 
chronic  debilitating  diseases,  especially  in  phthisis  ;  also 
in  the  puerperal  state,  where  it  gives  rise  to  the  condition 
known  as  phlegmasia  clolens.    The  formation  of  a  throm- 
bus hei-e  is  followed  by  oedema  and  swelling  of  the  limb, 
which  becomes  tense,  elastic,  and  painful.    In  the  early 
stage  there  may  be  some  cyanosis,  but  this  is  usually 
quickly  followed  by  a  pallid  whiteness  of  the  surface. 
There  is  often  more  or  less  tenderness  in  the  course  of 
the  vein,  which  feels  enlarged,  hard,  and  knotted,  owing 
to  the  secondary  inflammatory  changes  in  its  walls.  At 
the  same  time  there  is  sometimes  swelling  and  tenderness 
of  the  lymphatics,  which  may  be  seen  as  red  lines  tra- 
versing the  limb.    Diffuse  inflammation  of  the  skin  and 
subcutaneous  cellular  tissue  occasionally  occurs.  These 
changes  are  owing  partly  to  the  mechanical  imjDcdiment 
to  the  circulation,  and  partly  to  the  obstruction  of  lym- 
phatics and  to  the  secondary  inflammatory  processes  in 
the  vein  and  tissues  which  ensue.    The  circulation  is 
usually  ultimately  restored ;  but  if  the  impediment  has 
been  of  long  duration,  the  tissues  become  thickened,  and 
the  limb  is  left  in  a  hard,  indurated,  and  somewhat  en- 
larged condition. 

The  results  of  obstruction  in  ai-teries  have  been  already 
considered  in  the  chapter  on  Local  Anasmia.  These  re- 
sults will  obviously  depend  upon  the  facility  with  which 
the  circulation  can  be  restored  by  the  collateral  vessels. 
If  the  circulation  be  quickly  re-established,  the  vitality  of 
the  tissues  may  not  become  impaired ;  but  if  not,  the 
pai-t  may  undergo  a  process  of  molecular  disintegration 
and  softening,  the  softened  tissue  often  being  surrounded 
by  a  zone  of  hyiDerasmia  which  results  from  the  attempt 
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to  establish  a  collateral  circvilation.  It  is  in  tissues  with 
terminal  arteries  that  the  interference  is  most  marked, 
and  here  the  hEsmorrhagic  infarction  which  so  often  results 
from  embolism  may  occur,  although  owing  to  the  more 
gradual  obstruction  of  the  circulation,  it  is  less  likely  to 
do  so.    (See  "  Embolism.") 

3.  Emholism. — Portions  of  the  thrombus  may  be  carried 
away  by  the  circulation,  thus  constituting  embolism. 
This,  which  is  the  most  important  result  of  thrombosis, 
will  be  considered  in  the  following  chapter. 


CHAPTER  XXVII. 


EMBOLISJT. 

Embolism  is  the  arrest  of  solid  substances  circulating  in 
the  blood  in  vessels  wbicli  are  too  small  to  allow  them  to 
pass.  The  solid  substances  are  termed  emholi.  These 
are  very  various  in  their  nature. 

By  far  the  most  frequent  source  of  emboli  are  thrombi, 
portions  of  which  are  carried  from  the  seat  of  their  for- 
mation by  the  circulation,  and  become  arrested  in  distant 
vessels— thus  constituting  embolism.  A  thrombus  may 
give  rise  to  emboli  in  various  ways.  It  may  soften  and 
break  down,  and  if  the  lumen  of  the  vessel  be  thus  restored, 
its  fragments  become  distributed  by  the  blood-current.  In 
those  cases  in  which  the  thrombus  does  not  fill  the  vessel, 
portions  of  it  may  readily  be  carried  away  by  the  blood 
passing  over  it.  Perhaps,  however,  the  most  frequent  way 
in  which  a  thrombus  gives  rise  to  embolism  is  by  its  conical 
end  being  broken  off  by  the  current  of  blood  from  a  col- 
lateral vessel.  The  formation  of  a  thrombus,  as  already 
described,  usually  ceases  opposite  the  entrance  of  a  large 
collateral  vessel,  and  if  its  conical  end  project  a  little  way 
into  the  cavity  of  this  vessel  it  may  be  readily  broken  off 
by  the  blood-current.  (Fig  68.)  It  is  especially  venous 
thrombi  which  give  rise  to  embolism  ;  the  veins  of  the  leg, 
the  iliac,  hypogastric,  and  jugular  veins  being  amongst  the 
most  common  sources.  Emboh  from  cardiac  thrombi  are 
also  exceedingly  common,  whilst  those  from  arterial  are 
the  least  frequent.  In  embolism  originating  from  a 
thrombus,  some  sudden  movement  or  exertion  often 
determines  the  separation  of  the  embolus. 
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Emboli  may,  however,  originate  independently  of 
thrombi : — vegetations  and  calcareous  or  atheromatous 
masses  separated  from  the  valves  of  the  heart,  or  from 
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A  Thrombus  in  the  Saphe7ioiis  Vein. — Showing  the  pro- 
jection of  the  conical  end  of  tlie  thrombus  into  the  femoral 
vessel.  .S'.  Saphenous  vein.  T.  Thrombus.  C.  Conical 
end  projecting  into  femoral  vein.  At  v  v,  opjjosite  the 
valves,  the  thrombus  is  softened.  (Virchow.) 

the  inner  surface  of  arteries;  portions  of  new  growths,  as 
carcinoma,  which  having  perforated  the  vessels,  have 
been  can-ied  away  by  the  current ;  parasites  which  have 
made  their  way  into  the  interior  of  vessels ;  fluid  fat 
which  has  escaped  from  the  fat-cells  and  entered  ruptured 
blood-vessels,  such  as  occasionally  occurs  in  fractures  of 
bone,  &c. ;  pigment  granules,  and  other  substances,  may 
all  constitute  emboli. 

The  emboli  become  arrested  in  the  first  vessels  they 
meet  with  which  are  too  small  to  allow  them  to  pass : 
the  size  of  the  vessel  will  consequently  depend  upon  the 
size  of  the  embolus.  They  are  often  so  minute  that  they 
pass  into  and  become  impacted  in  the  smallest  capillaries. 
The  seat  of  impaction  is  usually  at  the  bifurcation  of  the 
vessel,  or,  where,  from  the  giving  off  of  branches,  the 
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calibre  is  diminishing  rapidly.  (See  Fi^^.  69.)  Thus 
emboli  originating  in  the  systemic  veins  or  in  the  right 
cardiac  cavities,  will  most  commonly  become  arrested  in 
the  vessels  of  the  lungs;  those  originating  in  the  arteries, 
the  left  cardiac  cavities,  or  the  pulmonary  veins — in  the 
systemic  arteries  and  capillaries,  especially  in  those  of 
the  spleen,  kidneys,  and  brain ;  and  those  originating  in 
the  portal  venous  system — in  the  hepatic  branches  of  the 
portal  vein.  In  some  cases,  however,  the  smallest  emboli 
may  pass  through  the  capillaries  of  the  lungs  and  become 
arrested  in  those  of  the  kidney,  spleen,  or  other  organs. 
Thus,  with  the  exception  of  emboli  originating  in  the 
portal  vessels,  the  seat  of  arrest  is  the  arteries  or 
capillaries. 

The  emboli  are  usually  carried  in  the  direction  of  the 
main  current ;  hence  those  carried  by  the  aortic  stream 
more  commonly  pass  into  the  thoracic  aorta  than  into 
the  carotid  and  subclavian  vessels,  and  into  the  left  carotid 
and  renal  artery  than  into  the  corresjjonding  arteries  of 
the  opposite  side.  Gravitation  also  influences  the  direc- 
tion in  which  they  are  carried,  especially  those  of  large 
size,  which  move  somewhat  more  slowly  than  the  blood- 
stream. Owing  to  this  they  are  more  common  in  the 
lower  lobes  and  posterior  parts  of  the  lungs  than  in  the 
superior  and  anterior  portions  of  these  organs. 

The  embolus,  when  arrested,  may  either  completely  or 
only  partially  fill  tiie  cavity  of  the  vessel.  If,  as  is  fre- 
quently the  case,  the  arrest  takes  place  at  a  point  of 
bifurcation,  the  embolus  may  partially  fill  both  branches, 
allowing  a  small  stream  of  blood  to  pass.  This  may 
break  off  portions  of  it,  and  so  cause  secondary  emboli, 
which  become  impacted  in  more  distant  vessels.  The 
amount  of  obstruction  which  immediately  follows  the 
arrest  will  partly  depend  upon  the  nature  of  the  embolus 
itself.  If  the  embolus  be  from  a  soft,  recently  formed 
thrombus,  it  will  adapt  itself  to  the  cavity  of  the  vessel, 
and  so  completely  occlude  it.  If,  on  the  other  hand,  it  is 
i  rregular  in  shape  and  firm  in  consistence,  as  when  derived 
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from  a,  calcified  carcUac  vegetation,  it  may  not  fill  the 
vessel,  but  allow  a  small  carrent  of  blood  to  pass  it. 

The  arrest  of  the  embolus,  and  the  consequent  obstruc- 
tion to  the  circulation,  is  followed  by  the  formation  of 
thrombi  behind  and  in  front  of  it,  which  extend  as  far  as 


Embolus  impacted  at  the  mfurcation  of  a  Branch 
of  the  Pulmonary  Showing  the  formation 

of  thrombi  behind  and  in  fi-out  of  it,  and  the  ex- 
tension of  these  as  far  as  the  entrance  of  the  next 
collateral  vessels.  E.  Embolus,  t  t'.  Thrombi. 
(Virchow.) 

the  entrance  of  the  first  large  collateral  vessels.  (Fig.  69.) 
If  the  embolus  does  not  completely  fill  the  vessel,  coagulum 
is  deposited  in  successive  layers  upon  its  surface  until  the 
occlusion  of  the  vessel  is  complete,  and  then  the  secondary 
thrombus  extends,  as  in  the  former  case,  until  it  meets 
with  a  current  of  blood  strong  enough  to  arrest  its  pro- 
gress. If  the  embolus  is  a  portion  of  a  soft  thrombus,  it 
will  in  most  cases  be  impossible  to  distinguish  it  from  the 
secondary  thrombus  which  surrounds  it.  If,  however,  it 
is  a  calcareous  mass,  or  a  portion  of  an  old  thrombus, 
it  may  usually  be  distinguished  from  the  more  recent 
secondary  coagulum. 

Emboli  may,  in  rare  cases,  become  absorbed.  They 
may  also,  when  derived  from  thrombi,  become  organised 
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or  soften.  The  changes  in  the  secondary  thrombi  are 
similar  to  those  ah-eady  described  as  occarriug  iu  the 
primary — comprising  adhesion  to  the  wall  of  the  vessel, 
softening,  and  organisation. 

Eesults. — The  results  of  embolism  are  of  two  kinds  — 
those  depending  upon  the  mechanical  obstruction  to  the 
circulation,  and  those  produced  by  the  irritating  or  in- 
fective properties  of  the  emboli  themselves. 

Changes  in  the  Ohstruded  Vessels.— The  first  "series  of 
changes  are  those  occurring  in  the  walls  of  the  vessel 
within  which  the  embolus  becomes  arrested.  These 
changes  depend  upon  the  mechanical  and  physiological 
properties  of  the  embolus.  If  the  embolus  possesses  no 
infective  pi-operties,  being  derived  from  a  source  where  no 
septic  changes  are  taking  place,  it,  together  with  the 
thrombus  which  it  causes  to  form  around  and  be3'0nd 
it,  usually  becomes  organised  or  reabsorbed,  and  the 
Avails  of  the  vessel  become  more  or  less  thickened.  Or,  if 
the  embolus  has  rough  surfaces,  as  when  derived  from  a 
calcareous  vegetation  in  the  heart,  it  may  produce  some 
inflammation  of  the  vessel.  When,  on  the  other  hand, 
the  embolus  is  impregnated  with  septic  pus,  or  with 
other  putrid  inflammatory  products,  it  causes  an  inflam- 
mation and  sloughing  of  the  walls  of  the  vessel  within 
which  it  is  impacted,  which  may  extend  for  some  distance 
into  the  surrounding  tissues,  precisely  similar  to  what  has 
been  already  described  as  occurring  in  the  walls  of  a  vein 
which  contains  a  puriform  thrombus. 

The  vessels  also  undergo  important  changes  as  the 
result  of  deprivation  of  arterial  blood.  Owing  to  these 
changes,  which  have  been  already  described  iu  the  chap- 
ter on  Local  Anaamia,  the  vessels  lose  their  power  of 
retaining  the  blood,  allowing  the  liquor  sanguinis  and 
hlood  corpuscles  to  escape,  and  ultimately  they  become 
necrotic  and  rupture.     (See  "  Haimorrhagic  ini'ai'ctiou.") 

Allusion  must  be  made  here  to  embolism  as  a  cause  of 
aneurism.  That  aneurisms,  especially  of  the  cerebral 
arteries  in  young  people,  are  often  due  to  embolism  id 
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now  pretty  generally  admitted  by  pathologists.  "With 
regard  to  the  mode  in  which  the  embolus  caiises  dilata- 
tion of  the  artery,  although  this  may  differ  in  different 
cases,  an  injurious  influence  of  the  embolus  upon  the 
walls  of  the  artery,  and  a  consequent  inflammatory 
softening  of  the  vessel,  is  probably  the  most  common 
condition. 

Clianges  in  the  Organ. — Important  changes  take  place 
in  the  organ  or  tissue,  the  vessels  of  which  have  become 
plugged  by  the  embolus.  The  first  efi'ect  of  the  plugging 
of  a  vessel  by  an  embolus,  is  the  arrest  of  the  circulation 
through  it,  and  if  the  vessel  be  the  main  nutrient  or 
functional  artery,  this  is  followed  by  the  sudden  cessa- 
tion of  the  function  and  nutrition  of  tlae  part.  Thus, 
plugging  of  one  of  the  larger  arteries  in  the  brain  is  fol- 
lowed by  sudden  loss  of  consciousness  and  paralysis 
(apoplexy) ;  plugging  of  the  pulmonary  artery,  by  sudden 
^  asphyxia ;  and  of  the  coronary  arteries,  by  sudden 
paralysis  of  the  heart.  The  subsequent  changes  will 
depend  upon  the  sti-ucture  of  the  organ,  the  arrangement 
of  its  vessels,  the  facility  with  which  a  collateral  circula- 
tion can  be  established,  and  the  nature  of  the  embolus. 
If  the  circulation  be  quickly  restored  by  the  collateral 
vessels,  a  sufficient  arterial  anastomosis  being  established 
behind  the  obstructed  artery,  the  part  recovers  itself 
without  undergoing  any  structural  change,  and  its  nutri- 
tion and  functions  a,re  restored.  If,  however,  this  is  not 
the  case,  the  vessels  and  surrounding  tissues  may  ulti- 
mately lose  their  vitality.  The  interference  with  the  cir- 
culation is  partly  due  to  the  thrombosis  which  occurs 
around  the  impacted  embolus.  The  organs  in  which  the 
arrangement  of  the  blood-vessels  is  such  that  the  circu- 
lation cannot  be  readily  restored  by  the  anastomosing 
vessels,  and  consequently  those  in  which  necrotic  changes 
most  commonly  result  from  embolism,  are  the  spleen,  the 
kidneys,  the  lungs,  the  brain,  and  the  retina.  (Fig.  70.) 
These  arteries  with  which  anastomoses  do  not  exist 
are  called  by  Cohnheim,  as  already  stated,  "  terminal  " 
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arteries  (see  "  Local  Ana3mLa.")  The  area  of  tissue  from 
whicli  the  supply  of  blood  has  been  cut  off  is  usually 
surrounded  by  a  zone  of  intense  hyperasmia,  wbicb  results 
from  the  stress  which  is  thrown  upon  the  collateral 


Fig.  70. 


Embolic  Kidney. — From  a  case  of  anenrism  of  the  abdo- 
minal aorta.  Numerous  small  yellowish-white  patches  were 
seen  scattered  through  the  cortices  of  the  organs,    x  200. 

vessels.  The  zone  of  byperseinia  is  ver}"-  characteristic, 
and  indicates  at  once  tlie  nature  of  the  lesion. 

When,  owing  to  the  absence  of  sufficient  arterial 
anastomosis  (when  terminal  arteries  are  blocked),  the 
circulation  cannot  be  restored,  the  vessels  in  the  embolic 
area  become  so  much  altered  that  exudation,  emigration, 
and  ha3morrhage  may  take  place,  and  thus  may  be  pro- 
duced a  tract  of  tissue  within  which  the  circulation  has 
become  arrested,  and  which  is  more  or  less  extensively 
infiltrated  with  blood.  This  is  known  as  a  luvinorrhagic 
infarct.  These  hasmorrhagic  infarcts  are  very  frequently 
met  with,  especially  in  the  lungs,  spleen,  and  kidneys. 
They  are  blackish-red,  firm  masses  of  consolidation,  and 
owing  to  the  distribution  of  the  blood-vessels  they  are 
usually  wedge-shaped,  the  apex  of  the  cone  being  towards 
the  centre  of  the  organ.    The  more  complete  the  obstruc- 
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tion  and  the  more  vascular  the  tissue,  the  greater  is  the 
amount  of  infarction,  and  the  more  rapid  is  the  soften- 
ing and  disintegration  that  ensues.    (Fig.  71.) 

Fig.  71. 


Diagram  of  a  Hainorrliagic  Infarct. — a.  Artei-y  obliterated 
by  an  embohis  (e).  v.  Veiu  titled  with  a  secondary  throm- 
bus (th).  1.  Centre  of  infarct  which  is  becoming  disin- 
tegrated. 2.  Area  of  extravasation.  3.  Area  of  collateral 
hyperajmia.    (0.  Weber). 

This  vascular  engorgement  of  the  embolic  area  was  for- 
merly supposed  to  be  due  to  the  increased  stress  which  is 
thrown  on  the  coUatei-al  vessels.  The  investigations  of 
Cohnheim,  however,  already  alluded  to,  show  that  it  is 
really  mainly  owing  to  the  fact  that  when  the  force  of  the 
blood-stream  in  the  artery  is  annihilated  by  the  impac- 
tion of  the  embolus,  there  is  a  backward  pressure  and 
regurgitation  from  the  veins  into  the  capillaries,  so  that 
there  is  produced  considerable  venous  engorgement  of  the 
la.st-named  vessels.  The  vitality  of  the  vessels  gradually 
becoming  so  much  impaired  that  they  ai-e  unable  to  re- 
tain the  blood,  this  escapes  into  the  tissues.  (See  "Local 
Anaemia.")  The  infarction  consequently  does  not  occur 
immediately  after  the  impaction  of  the  embolus,  but  only 
after  the  lapse  of  a  certain  time. 
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The  subsequent  changes  which  take  place  in  the  infarct 
depend  upon  its  size,  upon  the  extent  to  which  the  circu- 
lation in  it  is  interfered  \vith,  and  upon  the  nature  of  the 
embolus  which  caused  the  infarction.  If  the  infarct  is 
small  and  the  embolus  possesses  no  septic  properties, 
the  coagulated  blood  may  gradually  become  decolorised, 
a.nd  the  mass  undergo  a  gradual  process  of  absorption. 
The  infarct  then  changes  from  a  dark  red  to  a  brown  or 
yellow  tint,  its  more  external  pordons  become  organised 
into  connective  tissue,  and  the  whole  gradually  contracts, 
until  ultimately  a  cicatrix  may  be  all  that  remains  to 
indicate  the  change.  If,  however,  the  infarction  is  con- 
siderable, the  central  portions  may  undergo  a  certain 
amount  of  molecular  disintegration  and  softening.  This 
may  subsequently  dry  up  and  become  encapsuled.  In  all 
these  secondary  changes  which  take  place  in  the  infarct, 
its  most  external  portions  are  surrounded  by  a  red  zone 
of  hyperoamic  tissue.    This  is  exceedingly  characteristic. 

If  an  embolus  possesses  septic  properties,  as  when  it  is 
derived  from  a  part  where  putrefactive  inflammatory 
changes  are  going  on,  it  sets  up  similar  inflammatory 
processes  both  in  the  vessel  within  which  it  becomes 
impacted,  and  also  in  the  surrounding  tissues.  These 
septic  inflammatory  changes  lead  to  the  formation  of 
abscesses,  which  are  known  as  cmholic  or  inoiiistatir 
abscesses.  The  formation  of  the  abscess  may  be  associated 
with  more  or  less  infarction  and  necrosis  of  the  embolic 
area.  Colonies  of  bacteria  are  almost  invariably  found 
in  these  abscesses,  and  it  is  to  the  presence  of  these 
organisms  that  the  infective  properties  of  the  embolus  are 
probably  due.  This  subject  will  be  considered  further  in 
the  chapter  on  "  Septicemia  and  Pyajmia." 


THROMBOSIS  AND  EMBOLISM  01'  THE  BKAIN. 

Thrombosis  and  embolism  are  the  most  common  causes 
of  cerehral  soffcnhiiju. 

Softening  from  Tlirouihosis.—lliis  is  commonly  the 
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result  of  atheromatous,  calcareous,  or  syphilitic  chano-es 
u  the  cerebral  arteries.  Such  changes  cause  a  dimiuutLu 
n  the  lumen  or  a  roughening  of  the  internal  surface  of 
the  vessels  impair  their  elasticity  and  contractility,  and 
so  favour  the  occurrence  of  thrombosis.  As  a  result  of 
the  interference  with  the  supply  of  blood,  the  cerebral  sub- 
stance undergoes  a  more  or  less  rapid  process  of  necrosis, 
Soft        A'  ^^'"'"'^-^  ^See  "Cerebral 

de  oloi:j°";;^\'^"^^-^  "^''f-^^  S-dually  become 
decolorised.  In  the  more  gradually  induced  obstructions 
the  colour  of  the  softened  tissue  is  usually  white 

So/temng  from  Ernlollsni.~The  softening  resulting. 

upTn  The    n  P^'-*'  -tirely^dependent 

upon  the  obstruction  to  the  circulation  caiised  by  the 
embolus  and  by  the  resulting  thrombosis.     It  is  ra'^.idh, 

So  d  wl"        "'1^  ^''^"^^^^^  extravasation  of 

blood,  when  It  constitutes  one  form  of  acute  red  soften- 

hL  1  ^  ^^t^-tf  «°ce  with  the  circulation  be  slight, 
the  e  may  be  no  extravasation  of  blood  and  the  profes 

soften  d  ST°"  -"^-^  ^-^^-1.  -  thit  th 

then  mo  e  resembles  the  chronic  white  softenin-.  already 
described  as  resulting  from  degeneration  of  th^  eerebi^al 
blood-vessels.  (See  "  Cerebral  Softening.")  l^e  ,0^3 
tissue  will  also  be  white  in  colour  when  one  of  the  We 

in  1  0,    .7"'°"'^  °'i  ""^'^  left 

hZ'    7  ''^^  '^''•'^^  softening  of  the  cere- 

bral sub.stance  results  from  eraboll.m    fi         i  , 
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softened  iDortion,  iu  tlie  early  stage,  is  either  of  a  uniform 
dark-red  colour,  or  presents  numerous  red  lifEmorrliagic 
points.  The  softening  is  most  marked  iu  the  centre, 
whilst  the  hyperasmia  and  redness  may  extend  for  some 
distance  around  it.  Under  the  microscope,  the  softened 
portion  is  seen  to  cousist  of  broken-down  nerve  fibres, 
altered  blood-corpuscles,  granules  of  fat,  and  the  large 
granular  corpuscles  already  described.  (See  Fig.  15.)  The 
surrounding  capillaries  are  dilated  and  filled  with  coagula, 
and  the  granular  corpuscles  envelop  their  walls.  In  a 
more  advanced  stage  all  trace  of  nervous  structure  is  lost, 
the  softened  mass  becomes  decolorised,  and  passes  from  a 
dark-red  colour  to  a  chocolate,  brown,  yellow,  or  even 
white.  It  may  liquefy  and  form  a  cyst ;  more  commonly, 
however,  it  gradually  dries  up,  and  a  process  of  repair 
takes  place  by  the  growth  of  the  surrounding  neurogha, 
which  forms  a  fibrous  net-work  in  the  place  of  the  softened 
tissue.  This  contracts,  and  ultimately  a  cicatrix  with 
hajmatoidin  crystals  may  be  all  that  remains. 

Eed  softening  from  enibolism  is  often  vevj  difficult  to 
distinguish  in  the  post-mortem  room  from  that  which 
results  from  thrombosis. 


CHAPTER  XXVIII. 

LEUIwEMIA. 
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Sucli  slight  and  temporary  increase  in  the  number  of 
white  blood-corpuscles  occiirsin  many  conditions.  Physio- 
logically, it  occurs  after  a  meal,  and  in  the  latter  months 
of  pregnancy.  In  many  of  the  acute  pyrexial  diseases, 
especially  in  those  in  which  there  is  acute  swelling  of 
lymphatic  structures,  as  in  typhoid  and  scarlet-fever, 
and  in  septicajmia,  there  is  often  a  marked  excess  of  white 
corpuscles.  After  large  losses  of  blood  also,  there  is  an 
increase.  These  conditions  are  only  temporary,  and  do 
not  appear  to  interfere  either  with  the  circulation  or  with 
the  general  health. 

Pathology.— The  pathology  of  leukasmla  is  still  exceed- 
ingly obscure,  and  will  probably  remain  so  until  our 
knowledge  of  the  physiology  of  the  blood  and  the  origin 
and  fate  of  the    blood-corpuscles   is    more  complete. 
Physiologically,  we  know   that   the   white  corpuscles 
originate  in  the  lymphatic  organs,  from  which  they  pass 
into  the  blood,  either  directly  or  through  the  lymphatic 
vessels  ;  and  it  is  now  generally  believed  that  the  red 
corpuscles    originate  from  the  white,  the  latter  being 
transformed  mainly  in  the  spleen.    Owing  to  the  enlarge- 
ment of  one  or  more  of   the  lymphatic  organs  which 
always  exists  in  leukasmia,  it  has  been  supposed  that  the 
increase  in  the  number  of  the  white  corpuscles  which 
characterises  the  disease  is  due  to  their  excessive  produc- 
tion by  the  enlarged  organs,  such  as  occurs  in  some  cases 
of  leucocytosis.    Inasmuch,  however,  as  there  is  not  only 
an  increase  in  the  number  of  white,  but  a  diminution  in 
the  number  of  red,  this  hypothesis  is  insufficient  to 
account  for  the  blood  change.  Further— lymphatic  organs 
may  become  enormously  enlarged  without  the  production 
of  any  leukasmia.    This  occurs,  for  example,  notably  iu 
the  spleen  in  Splenic  AiKv.mia,  which  disease,  with  the 
exception  of  the  increase  in  white  blood-corj-tusclcs,  is 
precisely  similar  to  leukremia;  and  also  in  the  lymphatic 
glands  in  Hodgkin's  disease.  Although,  as  already  stated, 
the  subject  is  still  involved  in  much  obscurity,  the  view 
promulgated  by  Virchow  more  than  twenty  years  ago 
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accounts  most  satisfactorily  for  tlie  blood  change  :— it  is 
that  the  normal  transformation  of  white  corpuscles  into 
red  IS  imperfectly  performed,  so  that  not  only  is  the 
number  of  wliite  increased,  but  that  of  the  red  diminished. 
It  IS  probable  that  this  diminished  transformation  of  the 
white  corpuscles  is  the  most  important  element  in  most 
cases  of  leukasmia,  although  it  may  be  associated  with  an 
increased  production.  Both  the  diminished  transfor- 
mation and  the  increased  production  take  place  in  the 
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Leiikci'mic  Blood. — From  a  young  man 
aged  twenfy-four,  with  enormous  en- 
largement of  the  spleen,    x  2U0. 

enlarged  lymphatic  organs,  and  all  we  can  say  at  present 
in  explanation  of  the  process  is,  that  the  function  of  one 
or  more  of  these  organs  is  imperfectly  performed.  The 
enlargement  of  the  lymphatic  organs  is  with  little  doubt 
due  to  new  growth,  and  not,  as  has  been  suggested  by 
some,  simply  to  the  accumulation  within  them  of  the 
white  corpuscles  which  exist  in  such  large  numbers  in  the 
blood. 

RisroiOGY.-Blood.~The  diminution  in  the  number  of 
1^  white  corpuscles  varies  very  considerably  in  different 
cases.  A  proportion  of  one  white  to  ten  red  is  quite 
common,  and  often  there  are  as  many  as  one  to  three. 
(Fig.  72.)  This  increase  gives  to  the  blood  a  paler  and 
more  opaque  appearance  than  natural.  In  the  earlier 
stages  of  the  disease  the  proportion  may  not  be  more 
than  one  to  twenty  or  forty.  The  white  corpuscles  some- 
times resemble  the  natural  ones,  but  often  they  are  some- 
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what  larger  and  more  granular.  This  is  especially  the 
case  in  splenic  leukasmia,  whereas  when  the  lymphatic 
glands  are  principally  affected,  many  of  the  corpuscles  are 
usually  smaller  than  natural.  Some  of  them  are  often 
more  or  less  fattily  degenerated. 

The  red  corpuscles,  like  the  white,  vary  in  the  diminu- 
tion of  their  number.  They  may  he  reduced  to  one 
half  or  a  quarter  the  normal.  They  are  usually  natural 
in  appearance,  but  sometimes  they  are  distinctly  paler 
than  in  health.  Occasionally  they  appear  to  be  unusually 
soft,  and  exhibit  a  tendency  to  stick  together  instead  of 
forming  the  natural  rouleaux.     In  a  case  of  splenic 

Fig.  73. 

•  ■  /"  ■■ 

Blood  from  a  case  of  Splcvic  Aiitt'mia. — From  a 
middle-aged  man  with  great  enlargement  of  the 
spleen,     x  2li0. 

anaemia  recently  under  my  care  these  characters  were 
especially  marked.  (Fig.  73.)  The  diminution  in  the 
number  and  the  impairment  of  the  quality  of  the  red 
coi'puscles,  which  exists  not  only  in  leukaemia  but  in  most 
cases  of  great  splenic  enlargement,  accounts  for  the 
aneemia  which  exists  in  these  conditions.  In  addition  to 
the  red  and  white  cori^uscles,  Klebs  and  others  have 
found  nucleated  red  corpuscles  in  leukaimic  blood ;  and 
minute,  colourless,  octohedral  crystals  uf  an  albuminous 
character  have  been  discovered  by  Charcot  and  Zenker  in 
the  blood  and  certain  organs.  The  coagulating  power  of 
the  blood  in  leukaimia  is  much  diminished,  and  when  the 


LELTIwEMIA.  24)7 

li(iuia  is  allowed  to  stand  tlie  white  corpuscles  form  a 
creamy  layer  upon  its  surface. 

Spleen.— In  this,  which  is  much  the  most  important 
organ  in  the  production  of  leuktemia,  the  change  is 
characterised  mainly  by  increased  growth.    The  organ 
becomes   enlarged,  and  usually  enormously  so.  The 
enlargement  is  uniform,  so  that  the  shape  of  the  organ  is 
but  little  altered.    The  capsule  is  often  thickened,  and 
there  are  usually  adhesions  with  the  adjacent  viscera. 
The  consistence  in  the  later  stages  is  commonly  distinctly 
firmer  than  natural.    The  cut  surface  is  smooth,  of  a 
greyish  or  brownish-red  coionr.  and  thickened  trabeculfe 
can  often  be  seen  marking  it  as  whitish  lines.  The 
Malpighian  corpuscles,  although  they  may  be  slightly 
enlarged  in  the  earlier  stages  of  the  disease,  are  seldom 
prominent,  and  they  are  often  not  visible  when  the  splenic 
enlargement  is  advanced.    In  exceptional  cases,  however, 
and  especially  when  the  lymphatic  glands  are  involved 
they  may  form  prominent  growths.    Sometimes  wcdo-e- 
shaped  masses  of  a  dark  red  or  reddish-yellow  colour  are 
seen  near  the  surface  of  the  organ.    These  are  probably 
infarctions  of  embolic  origin. 

When  the  spleen  is  examined  microscopically,  its  struc- 
ture IS  found  to  be  but  little  altered,  the  enlargement 
being  due  mamly  to  an  increase  of  the  splenic  pulp.  The 
trabecular  tissue  is  also  increased  and  thickened,  and 
becomes  increasingly  so  as  the  splenic  enlargement 
advances.  The  Malpighian  corpuscles  are  bnt  little  in- 
creased m  size,  and  sometimes  tliey  are  atrophied 

Lyn^phaMc  Glands.~The  enlargement  of  the  lymphatic 
glands  IS  much  less  m  splenic  leukaemia  than  in  those  cases 
in  which  the  g  ands  are  primarily  and  principally  afiected 
Tn  sp  enic  leukaemia  one  or  more  groups  of  glands  are 
slightly  enlarged  in  n.bout  one-third  of  the  cases  The 
glands  are  rarely  increased  in  consistence,  and  are  usually 
h-eely  movable.  On  section  they  are  of  a  greyish-red 
colour  often  mottled  with  haemorrhages.  Microscopically 
the  enlarged  glands  present  a  normal  structure. 
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In  some  cases  this  excessive  development  of  Ij'mpliatic 
structures  takes  place  in  otlier  parts.  The  follicles  of 
ilie  intestine,  and  the  medulla  of  hone,  are  those  most 
commonly  involved.  In  the  intestines,  the  follicles  may 
become  so  much  enlarged  as  to  form  distinct  projections 
from  the  mucous  membrane,  although  this  is  less 
common  than  in  Hodglcin's  disease.  The  enlarged 
follicles  may  also  ulcerate.  The  medulla  of  bones  is 
occasionally  increased,  and,  as  already  stated,  cases  have 
been  described  in  which  this  tissue  was  primarily  and 
principally  affected.  It  is  increased  in  quantity  and 
altered  in  quality.  It  is  usually  softer  than  natural,  and 
of  a  greyish  or  greyish-yellow  colour.  Microscopically, 
the  fat  cells  are  seen  to  be  replaced  to  a  great  extent  by 
lymphoid  elements. 

In  the  course  of  the  disease's,  new  growth  of  lymphatic 
tissue  or  an  infiltration  with  lymphatic  elements  usually 
takes  jDlace  in  non-lymphatic  structures,  principally  in 
the  liver  and  kidneys,  less  frequently  in  the  lungs  and 
muscle.  The  new  growth  in  these  organs  sometimes 
forms  distinct  tumours,  but  much  more  commonly  exists 
as  an  infiltration.  How  far  these  lymphoid  growths 
are  the  result  of  a  hyperplasia  of  the  cells  in  the  inter- 
stitial tissue  of  the  organ  in  which  they  are  sitirated,  and 
how  far  an  emigration  of  the  leucocytes,  which  exist  in 
such  large  numbers  in  the  blood,  takes  part  in  their 
formation,  is  unknown.  The  former,  however,  is  probably 
the  most  important  factor  in  the'process. 

The  organ  which  is  most  frequently  affected  is  the 
liver.  Here  the  vessels  generally  are  enlarged  and  dis- 
tended with  white  blood-corpuscles.  Accumulations  of 
corpuscles  and  lymphoid  tissue  are  seen  between  the  acini, 
and  extending  along  the  intercellular  network  into  the 
acini  themselves,  so  that  the  lobules  are  sometimes 
seen  to  be  clearly  mapped  out  by  a  greyish-white  inter- 
lobular infiltration.  As  this  increases,  the  liver-cells 
become  compressed  and  atrophy,  until  ultimately  the 
lobules  may  be  replaced  entirely  by  it.    Associated  with 
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this  infiltration  tliere  is  usually  a  formation  of  small, 
round,  whitish  lymphoid  nodules,  somewhat  resemblino- 
grey  tubercles.  These  also  are  situated  in  the  interlobular 
tissue.  Owing  to  these  changes,  the  liver  becomes  very 
considerably  increased  in  size. 

In  the  hidiieys,  which  are  also  frequently  affected,  the 
change  is  similar  to  that  in  the  liver.  Here  also  it  con- 
sists for  the  most  part  in  an  infiltration,  with  which  may 
be  associated  the  formation  of  roundish  nodules  and 
masses. 


CHAPTER  XXIX. 


INFLAMMATION. 

The  morbid  processes  whicli  have  tlius  far  been  described 
have  been  characterised  mainly  by  alterations  in  the 
nutritive  activity  of  the  histological  elements  of  the 
tissues  ;  or  by  changes  in  the  circulation,  or  in  the  blood. 
In  inflammation  some  alteration  in  the  walls  of  the  blood- 
vessels appears  to  be  the  essential  part  of  the  process. 

Inflammation  may  be  defined  to  be  the  succession  of 
changes  which  takes  place  in  a  living  tissue  as  the  resuJt 
of  some  kind  of  injury,  provided  that  this  injiiry  be  in- 
sufficient immediately  to  destroy  its  vitality.  With  re- 
gard to  the  nature  of  the  injury— it  may  consist  in  some 
direct  damage  to  the  tissue,  either  by  mechanical  or 
chemical  agents,  or  by  substances  conveyed  to  it  by  means 
of  the  bloocl-vessels  or  lymphatics  ;  or  the  injury  may  be 
indirect,  as  in  some  cases  of  inflammation  of  internal 
organs  arising  from  exposure  to  cold.  In  all  cases,  how- 
ever, some  injury  of  the  tissue — an  injury  which  impairs, 
and  if  of  sufficient  intensity  would  destroy,  its  vitality — 
precedes  the  occurence  of  the  local  changes  which  cou- 
stitiite  the  inflammatory  process. 

The  exact  nature  of  these  changes  has,  for  the  most 
part,  been  ascertained  during  the  past  twelve  years, 
mainly  owing  to  the  experimental  researches  of  Professors 
Cohnheim,  Strieker,  and  Burdou  Sanderson.  The  method 
of  investigation  has  consisted  in  the  artificial  production 
of  inflammation  in  the  lower  auimals,  and  the  obser- 
vation of  the  process  as  thus  induced.  The  process 
comprises — 
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1st.  Changes  in  flic.  Mood-vcssels  and  circulation. 

2nd.  Exudation  of  liquor  sanguinis  and  migration  of 
I'lood-corpasclcs ;  and 

ovd.  Alterations  in  the  nutrition  of  the  inflamed  tissiie.— 

it  will  be  well,  in  the  first  place,  to  consider  each  of 
these  separately,  in  the  order  in  which  they  occur,  and 
subsequently  to  endeavour  to  point  out  how  far  a  causal 
relation  exists  between  them. 

I.  Changes  in  the  Blood-Vessels  and  Circulation.— 
Changes  m  the  blood-vessels  and  circulation,  resultino-  in 
increased  vascularity,  have  ever  been  regarded  as  playino- 
a  most  important  part  in  inflammation,  as  upon  them 
principally  depend  those  signs  of  the  process  which  are 
most  obvious  during  life.  The  redness,  heat,  and  swell- 
ing, which  are  so  constantly  met  with  iu  inflamed  tissues 
are  m  great  measure  due  to  the  attendant  hypera^mia. 
I  he  sweUmg,  however,  is  in  most  cases  dependent  rather 
upon  the  effusion  than  upon  the  over-fulness  of  the  blood- 
vessels. 

These  changes  in  the  blood-vessels  and  circulation  are 
essential  constituents  of  inflammation,  both  in  vasculas 
and  m  non-vascula,r  tissues.    In  the  latter,  which  com- 
prise the  cornea  and  cartilage,  they  take  place  in  the 
adjacent  vessels  from  which  these  tissues  derive  their 
nutritive  supply.    The  nature  of  these  vascular  chanaes 
has  been  studied  by  the  artificial  production  of  inflamma- 
tion in  transparent  tissues,  in  which  the  circulation  can  be 
readily  observed;  the  web,  mesentery,  and  tongue  of  the 
f^og,  and  the  wing  of  the  bat,  being  most  convenient  for 
this  puiTH.se.  Ihe  phenomena,  as  observed  in  the  mesen- 
teiy  of  the  frog,  which  has  been  previously  curarised 
may  be  thus  briefly  described 

The  first  effect  of  injury  of  the  mesentery-mere  ex- 
posure to  tlie  air  being  sufficient  for  the  purpose-is  to 
cause  dUataJ.onoi  the  arteries,  and  after  some  interval 
a  simflar  dilatation  of  the  veins  and  capillaries.  The 
dilatation  ot  the  arteries  commences  at  once,  and  is  not' 
preceded  by  any  coiitraction.    It  gradually  increases  for 
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about  twelre  hours,  and  is  accompanied  also  by  an  in- 
crease in  the  lengtb  of  the  vessels,  so  that  they  become 
more  or  less  tortuous.  This  enlargement  of  the  blood- 
vessels is  associated  at  the  commencement  of  the  process 
with  an  acceleration  in  the  flow  of  blood;  this,  however, 
rarely  lasts  more  than  an  hour,  and  is  followed  by  a 
considerable  retardation  in  the  circulation,  the  vessels 
still  remaining  dilated.  These  alterations  in  the  rapidity 
of  the  blood-flow  cannot  be  owing  to  the  increase  in  the 
calibre  of  the  vessels,  which  remain  throiighout  dilated. 

It  has,  however,  long  been  known  that  the  acceleration 
of  the  blood-flow  in  an  injured  part— the  so-called  deter- 
mination of  blood,  which  was  so  correctly  described  more 
than  thirty  years  ago  by  Dr.  0.  J.  B.  Williams,  is  not 
necessarily  followed  by  retardation.    It  may  gradually 
subside  without  retardation  or  any  of  the  essential  phe- 
nomena of  inflammation  taking  place.    Cohnheim  has 
consequently  stated  in  his  more  recent  researciies  on 
inflammation,  that  the  dilatation  of  the  vessels  and  the 
increased  velocity  of  the   blood-current   which  ensue 
immediately  after  the  infliction  of  the  injury  are  only 
temporary  and  accidental.  They  may  even,  in  some  cases, 
be  followed  by  contraction  before  the  permanent  dilatation 
commences.    The  permanent  dilatation  and  diminished 
velocity,  on  the  other  hand,  come  on  slowly  and  are  per- 
manent, and  these  must  be  regarded  as  the  pro]3er  vascu- 
lar phenomena  of  inflammation.     These  proper  pheno- 
mena may  be  induced  without  the  previous  occurrence  of 
the  accidental  ones.* 

Eeturning  to  the  observation  of  the  frog's  mesentery— 
the  retardation  of  the  circulation  in  the  dilated  vessels  is 
sometimes  seen  to  take  place  somewhat  suddenly,  and 
it  is  usually  first  observable  on  the  venous  side  of 
the  capillary  network.  As  the  blood-stream  becomes 
slower,    the   wliite   corpuscles,   which   naturally  tend 


*  "  Ncue  Untersuolmngen  iiber  die  Eutziiuduug,"  Cohnheim, 
1873.  • 
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to  move  slowly  along  the  sides  of  the  veins,  gradually 
accumulate  in  these  vessels,  and  ultimately  they 
may  nearly  till  them.  The  red  corpuscles  also  ac- 
cumulate, but  more  especially  in  the  capillaries ;  and 
thus  the  veins  and  capillaries  become  filled  with 
corpuscles.  The  circulation  becomes  slower  and  slower 
until  in  many  of  the  vessels  the  blood  almost  completely 
stagnates,  and  the  accumulated  corpuscles  oscillate 
slightly  to  and  fro  with  the  cardiac  systole.  This  stagna- 
tion of  the  circulation  in  the  dilated  vessels  constitutes 
the  condition  known  as  inflammatory  stasis.  Whilst 
these  changes  are  taking  place,  the  mesentery  gradually 
becomes  increasingly  obscured  by  small  cell  forms. 
These  are  white  corpuscles  which  have  emigrated  ft-om 
the  vessels.  The  phenomena  of  emigration  will  be  con- 
sidered subsequently. 

11.  Exudation  op  Liquou  Sanguinis  and  Migration 
OF  -Blood-Cokpuscles.— Another  constituent  of  the  in- 
flammatory process  consists  in  the  exudation  of  the 
liquor  sanguinis  and  the  migration  of  the  blood-cor- 
puscles. 

a.  Migration  of  Blood- Corjmsdes. -The  migration  of 
the  white  blood-corpuscles  (leucocytes)  through  the  walls 
ot  the  blood-vessels  was  first  described,  although  very  in- 
completely,  by  Dr.  W.  Addison  in  1842.*  Thi.s  observer 
stated  as  the  result  of  his  researches,  that  in  inflamma- 
tion these  corpuscles  adhered  to  the  walls  of  the  vessels 
and  passed  through  them  into  the  surrounding  tissues 
In  1846,  Dr.  Augustus  Waller  described  more' fully  the 
same  phenomenon,  and  from  his  description  there  can  be 
little  doubt  that  he  actually  observed  the  emigration 
o  corpa,scles.t  Both  these  observers  concludeS  that 
the  escaped  blood-corpuscles  became  pus-corpuscles 
Iheir  observations,  however,  were  but  little  thoight  of 

t  J'/iil.  Alayazine,  vol.  xxix.  1840'. 
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similar  investigations  were  instituted  quite  independently 
hy  Professor  Colinlieim,  in  Berlin— to  whose  minute  re- 
searches we  must  ascribe  most  of  our  present  knowledge 
on  this  subject— that  the  emigration  of  blood-corpuscles 
came  to  occupy  an  important  place  in  the  pathology  of 
inflammation.* 

The  emigration  may  be  observed  in  the  mesentery  of 
a  frog  which  has  previously  been  paralysed  by  the  sub- 
cutaneous injection  of  curare.  The  changes  in  the 
blood-vessels  and  in  the  circulation,  and  the  accumula- 
tion of  blood- corpuscles  in  the  part,  have  been  already 
described ;  it  remains  only  to  consider  the  phenomena  of 
emigration. 

The  white  blood-corpuscles  (leucocytes)  which  have 
accumulated  in  large  numbers,  especially  in  the  vems, 
remain  almost  stationary  against  the  walls  of  the  vessel, 
the  blood-current  and  red  corpuscles  passing  by  them, 
although  with  much  diminished  velocity.     Those  im- 
mediately adjacent  to  the  wall  gradually  sink  into  it,  and 
pass  through  it  into  the  surrounding  tissue.    In  doing 
so  they  may  be  observed  in  the  various  stages  of  their 
passage.     At  first  small  button-shaped  elevations  are 
seen  springing  from  the  outer  wall  of  the  vessel.  These 
gradually  increase  until  they  assume  the  form  of  pear- 
shaped  bodies,  which  still  adhere  by  their  small  ends  to 
the  vascular  wall.    Ultimately  the  small  pedicle  of  pro- 
toplasm by  which  they  are  attached  gives  way  and  the 
passage  is  complete,  the  corpuscles  remaining  free  outside 
the  vessel.    A  similar  emigration  takes  place,  but  to  a 
less  extent,  from  the  capillaries.    From  the  last-named 
vessels,  however,  the  red  corpuscles  also  escape  although 
in  fewer  numbers  ;  whilst  from  the  arteries  no  emigration 
occurs.    The  escaped  corpuscles  are  continuously  replaced 
by  fresh  ones,  and  as  the  process  proceeds  the  vessels 


*  "Uebor  Eutzuudimg  uud  Eiteruug:"  VirchoWs  "Archiv,' 
vol.  xl. 
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become  obscured  by  the  leucocytes  whicli  surround  tliem. 
lu  those  portions  of  the  inflamed  tissue  where  absolute 
stasis  has  occurred  no  emigration  takes  place. 

These  phenomena  can  perhaps  be  better  studied  in  a 
more  localised  inflammatory  process,  such  as  may  be 
produced  by  the  application  of  some  injurious  agent— a 
small  piece  of  nitrate  of  siker,  for  example— to  the 
tongue  of  the  frog.    Here,  to  quote  from  Cohnheim,  in 
the  most  central  portion  of  the  inflamed  area— that  which 
IS  the  most  injured,  there  is  absolute  stasis,  the  blood 
usually  coagulates,  and  no  emigration  takes  place.  This 
IS  due  to  the  vitality  of  the  vessels  being  completely 
destroyed  by  the  injurious  agent.    (See  "  Thrombosis.") 
Outside  this  tliere  is  an  area  in  which  the  blood  is  circu- 
lating very  slowly,  the  capillaries  are  filled  with  red  cor- 
puscles, many  of  which  escape ;  whilst  more  externally 
still,  is  an  area  in  which  the  blood  is  less  stagnant,  and, 
abundant  emigration  is  taking  place,  the  white  corpuscles 
escaping  from  the  veins  and  capillaries,  the  red  from  the 
capillaries  alone.    The  central  area,  which  usually  dies, 
IS  thus  surrounded  by  an  enormous  number  of  red  and 
white  corpuscles;   and  the  red  corpuscles  which  have 
accumulated  in  this  area  are  so  closely  packed  that  their 
outHnes  can  scarcely  be  distinguished. 

13.  Exudation  of  Liqiwr  Sa7ir/u,inis.— Associated  with 
the  passage  of  the  blood-corpuscles  through  the  walls  of 
the  vessels,  is  an  exudation  of  the  liquor  sanguinis.  The 
e.xuded  liquor  sanguinis— which  constitutes  the  well- 
known  inflammatory  e/wswra— differs  from  the  liquid 
which  transudes  as  the  result  of  increased  pressure  in  the 
capillaries  in  mechanical  congestion.  (See  "Mechanical 
Hyperemia.")  It  contains  a  larger  proportion  of  albu- 
men, more  phosphates  and  carbonates,  and  has  a  much 
greater  tendency  to  coagulate.  This  latter  property  is 
mainly  due  to  the  white  blood-corpuscles  which  it  con- 
tains.   (Sec  "  Thrombosis.") 

The  most  characteristic  feature  of  inflammatory  effu- 
sion is  the  large  number  of  cell-structures  which  it  con- 
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tains.    The  great  H>ajority  of  these  are  the  -l-^e  corpus- 
cles which  have  escaped  from  the  vessels     A  much 
smaller  number  are  the  escaped  red  ««>-pu«cles^  Ihese 
are  the  most  numerous  iu  the  — /^^'^^^  ""/^ 
inflammation,  where  they  may  give  to  the  effusion  a 
heemorrha-ic  character.     Lastly,  m  mflammat  on  of  cer- 
am  tissuel  especially  epithelial  and  endothehal  struc 
tures,  some  of  the  cells  met  w.th  nr  the  ^fl;!-^/-!^^^^^;^ 
derived  from  the  pvoHerating  elements  oit^^  l^^^^^ 
tissue.    The  proportion  oi  cells  vanes  wit   the  intensity 
and  with  the  stage  of  the  inflammation.    The  more 
intenre  the  process^he  more  abundant  the  emigrah^ 
and  hence  the  more  richly  cellular  the  eiiusion.    ^  th 

etrdto  the  stage  of  the  -fl--^;-72^-f/ ^.^^^.^ 
..nlW  that  emic^ration  is  more  abundant  m  the  iatei 
E  *.o  ef*°  ;eriod„o  that  in  thelattav  the  e«„s,o„ 
ma V  be  an  almost  clear  liquid. 

The  prominence  of  effusion  or  exudation  as  a  con- 
yl   JL-t  of  the  mtiammatorv  process  will  vary  con- 

the  neigUDom  ^  ^ggticles, 
outside  the  part,    in  clense  oi„a    ,  structure, 

Z^n  intermino-led  with  the  structural  elements  that  it 

escapes  ™      ?       „b„„a,„t,  and  oousblule, 

•  "      „„rtaat  ;"iW.  coastitaent  of  the  inflammatory  pvo- 
rr  afltn  atioo  of  those  ovgaas  «hioh  possess  a 
"r  'e  ni  tr  a  which  the  vessels  are  hut  bttle  support^ 
-aUhe  irgs,  and  iu  tissues  ™hjeh  preset  a  free  su,- 

'»V■'^"•"°^rt^e^;:"*rLur  au  iuflaured 
J        r^SrshreieiuUn,      he  cousaeraU, 
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increased.  This  increased  absorption,  as  in  the  case  of 
simple  mechanical  effusions,  tends  to  ijrevent  or  to  dimi- 
nish the  accnmulation  of  liquid  in  the  part.  (See  "  Me- 
chanical Hyperfemia.") 

III.  Alterations  ix  the  Nutrition  of  the  Inflamed 
Tissue— The  remaining  constituent  of  the  inflammatory 
process  consists  in  alterations  in  the  nutrition  of  the 
elements  of  the  inflamed  tissue. 

The  question  as  to  how  far  the  cellular  elements  of  the 
tissue  participate  in  the  process  of  inflammation  is  one 
which  even  in  the  present  state  of  our  knowledge,  owing 
to  the  difficulties  which  beset  the  histological  examination 
of  inflamed  structures,  admits  only  of  an  incomplete 
answer.  ^  The  subject  has,  for  the  most  part,  been  inves- 
tigated in  the  lower  animals,  in  which  inflammation  has 
been  artificially  induced.  In  man,  the  study  of  the 
primary  changes  is  difficult,  owing  to  the  fact  that  the 
process  can  rarely  be  observed  in  its  earlier  stages.  These 
changes  will  be  more  fully  described  when  considering 
inflammations  of  particular  organs  and  tissues ;  it  will 
be  sufficient  in  the  present  place  merely  to  indicate  their 
general  characters. 

The  alterations  in  nutrition  which  accompany  inflam- 
mation are  in  certain  tissues  characterised  by  an  exalta- 
tion of  the  nutritive  functions  of  some  of  the  cellular 
elements  involved  in  the  inflammatory  process.  This  is 
evidenced  by  an  increase  in  the  activity  of  those  elements 
which  normally  exhibit  active  movements,  as  the  amoeboid 
cells  of  connective  tissue  and  of  the  cornea.  Cells,  which 
under  normal  circumstances  undergo  no  alterations  in 
form,  and  exhibit  no  active  movements,  become  active- 
sending  out  processes,  and  undergoing  various  alterations 
in  shape.  (Fig.  74.)  This  increase  in  the  activity,  and 
variation  in  the  form  of  the  cells,  is  usually  accompanied 
by  the  growth  of  their  protoplasm,  and  frequently  by  its 
division,  or  by  vacuolation  and  endogenous  development, 
and  thus  by  the  formation  of  new  cells.  In  many  cases 
the  protoplasm,  as  it  increases  in  bulk,  becomes  cloudy 
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and  granular,  so  mncli  so  as  frequently  to  completely 
obscure  any  nuclei  wlaicli  it  may  contain.  This  occurs 
especially  in  epithelial  elements,  and  it  constitutes  the 
condition  known  as  "  cloudy  swellmri"  It  is  well  seen 
in  the  glandular  epithelium  of  the  kidney  in  acute  tubal 
nephritis.    (See  Eigs.  117  and  118.) 

A  few  years  ago  the  cells  of  nearly  all  tissues  were 
believed  to  exhibit  these  active  changes  in  inflammation, 
and  many  of  the  young  elements  which  abound  in  in- 
flamed parts  were  regarded  as  the  products  of  their  pro- 
liferation.   As  our  methods  of  histological  investigation 


Fig.  74. 


Amwboid  Leucocytes,    (v.  Eecklinghauseii.) 

improve,  however,  and  especially  since  the  introduction  of 
the  chloride  of  gold  process  by  Cohnheim,  it  has  become 
increasingly  obvious  that  the  part  which  is  played  by  the 
cells  of  the  tissue  in  inflammation  is  much  less  than  was 
formerly  supposed;  and  that  in  most  cases  the  young 
elements  which  infiltrate  the  inflamed  structure  are  solely 
escaped  leucocytes. 

The  physiological  peculiarities  of  the  ceUular  elements 
appear  to  influence  very  considerably  their  liability  to 
undergo  these  active  changes  in  inflammation.  The  cells 
in  which  active  changes  undoubtedly  occur  are  those 
which  are  normally  active,  and  in  which  growth  and 
proliferation  are  associated  with  the  maintenance  of  the 
tissue  of  which  they  are  constituents.  Such  are  epi- 
thelial elements.  The  activity  of  these  is  increased  in 
the  process  of  inflammation,  and  it  is  in  inflammation  of 
the  skin,  of  mucous  membranes,  and  of  glandular 
structures,  that  cellular  activity  and  proliferation  are  so 
constantly  met  with.    The  same  is  also  true  to  a  less 
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extent  of  endothelium,  as  is  exemplified  in  inflammations 
of  serous  membranes.  In  those  cells,  on  the  other  hand, 
in  which  normally  no  active  changes  take  place,  as  the 
fixed  cells  of  connective  tissue  and  of  the  cornea,  and 
probably  also  those  of  cartilage,  it  is  doubtful  if  any 
activity  is  manifested  in  inflammation.  The  ago  of  the 
cells  probably  also  influences  their  tendency  to  become 
active,  the  younger  being  less  stable  and  more  prone  to 
proliferate  than  the  older  elements. 

Although  the  earlier  alterations  in  the  nutrition  of  the 
cellular  elements  are  thus  in  some  cases  those  of  increased 
activity,  the  tissue  changes  in  inflammation  are,  in  the 
mam,  characterised  by  impairme7it  of  nutrition.  The 
well-known  effect  of  inflammation  is  to  injure  the  part 
afl-ected  by  it.    This  injurious  influence  is  due  to  several 
causes.    The  initial  injury  which  produces  the  vascular 
phenomena  must,  in  many  cases,  damage  the  tissue  out- 
side the  vessels  before  it  can  influence  the  vessels  them- 
selves.   The  most  important  interference  with  nutrition 
however,  is  due  to  the  stagnation  of  the  circulation,  and 
to  the  infiltration  of  the  tissue  with  the  inflammatory 
products  which   have  escaped  from  the  blood-vessels 
( bee_    Suppuration.")    If  the  inflammatory  process  be  of 
considerable  intensity  and  stasis  be  induced  in  a  wide  area 
ot   the  tissue,  the  nutrition  may  become  completely 
arrested,   and  necrosis  be  the  ultimate  result.  (See 
Causes  of  Necrosis.")  In  inflammations  of  less  intensity, 
the  destruction  of  the  tissue  is  less  marked,  the  jouni 
cells  which  infiltrate  it  may  undergo  fatty  degeneration 
and  become  absorbed,  and  the  part  thus  recover  more  or 
less  completely  its  former  condition.     In  other  cases 
especially  m  the  less  severe  forms  of  inflammation, man^ 
of  the  young  cells  undergo  progressive  changes  and  lead 
to  the  development  of  a  permanent  tissue,  which  is,  how- 
ever, for  the  most  part,  inferior  in  its  organisation  to 
the  parent  structure.    (See  "  Terminations  of  Inflam- 
nia  ion.' )    This  tendency  of  the  new  elements  in  inflam- 
mation  to  undergo  progressive  development  will  vary 
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Witt  the  tissue  involved,  and  with  the  intensity  of  the 
inflammation.  The  more  intense  the  inflammation,  the 
more  abortive  are  the  young  cells,  and  the  less  is  their 
tendency  to  form  a  permanent  tissue.  (See  "  Acute  and 
Chronic  Inflammations.") 

In  connective  tissues,  these  changes  in  the  cells  are 
necessarily  accompanied  by  changes  in  the  intercellular 
substance.  The  latter  are  for  the  most  part  characterised 
by  softening.  In  common  connective  tissue  the  fibres  m 
the  first  place  become  swollen  and  less  distinct,  and 
ultimately  they  are  completely  destroyed  ;  in  cartilage 
the  matrix  softens  and  liquefies  ;  in  bone,  the  lime-salts 
are  removed,  the  lamellaB  disappear,  and  the  osseous 
structure  becomes  converted  into  medullary  tissue.  Hence 
the  destructive  effects  of  the  inflammatory  process. 


■  Having  thus  briefly  described  the  succession  of  changes 
which  occur  in  the  process  of  inflammation,  it  remains 
to  consider  in  what  way  these  result  from  the  injury  of 
the  tissue,  and  how  far  a  causal  relation  subsists  between 

them.*  .  . 

The  first  apparent  change  which  follows  the  injury  of 
the  tissue  consists  in  the  dilatation  of  the  blood-vessels, 
and  in  an  acceleration  of  the  flow  of  blood.  This  accelera- 
tion of  the  circulation  which,  as  has  been  said,  does  not 
invariably  occur,  is  precisely  similar  to  that  which  results 
from  injury  of  a  sensory  nerve  (see  "  Active  Hyper- 
asmia") ;  and  in  a  previous  edition  of  this  work  it  was 
stated  that  the  primary  vascular  phenomena  in  inflamma- 
tion were  probably  due  to  injury  of  the  sensory  nerves  of 
the  part,  although  such  injury  could  not  explain  the  sub- 
sequent and  essential  retardation  of  the  blood-flow.  The 

*  The  followins;  conclusions  are  iu  the  main  those  arrived  at  by 
•Professors  Strieker  and  Burdon  Sanderson.— J/o/;h.ss  System  oj 
s'°nT.rvoh  l  See  also  Lectures  on  the  "  Pathology  of  the  Pro- 
cess of  Liflammation,"  by  Professor  Sanderson.-inm-e^,  vol.  i. 
1876. 
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more  recent  investigations  of  Cohnlieim,  liowever,  which 
have  been  already  quoted,  render  it  necessary  that  this 
statement  should  be  considerably  modified.  Cohnheim 
produced  precisely  the  same  phenomena  in  the  tongue  of 
the  frog  after  everything  had  been  cut  through  with  the 
exception  of  the  lingual  artery  and  vein,  as  those  which 
occur  in  the  intact  animal ;  and  also,  in  another  case, 
after  complete  destruction  of  the  brain,  medulla,  and 
spinal  cord  ;  and  he  considers  that  the  vascular  dilatation 
and  accelerated  blood-flow  are  due  to  the  direct  in- 
flaence  of  the  injurious  agent  upon  the  ivalls  of  the  llood- 
vessels,  and  are  c^uite  independent  of  nervous  influence. 
These  experiments  therefore  appear  to  prove  conclusively 
that  the  initial  injury  of  the  blood-vessels  is  not  neces- 
sarily reflex,  although  they  do  not  exclude  the  possibility 
that  it  may  be  so  under  certain  circumstances. 

The  retardation  of  the  blood-stream  which  so  quickly 
succeeds  its  acceleration,  the  essential  and  sometimes 
primary  phenomenon  of  inflammation,  difi'ers  so  much  from 
all  non-inflammatory  forms  of  hypera3mia,  that  its  ex- 
planation has  ever  engaged  the  attention  of  pathologists. 
Abnormal  conditions  of  the  blood,  of  the  tissues,  of  the 
walls  of  the  blood-vessels,  and  of  innervation,  have  at 
different  times  been  supposed  to  acccount  for  it,  but  it 
is  now  satisfactorily  established  that  it  is  due  to  some 
alteration  in  the  properties  of  the  walls  of  the  blood- 
vessels through  which  the  blood  passes.  That  the  re- 
tardation and  ultimate  stagnation  of  the  blood-stream 
in  acute  inflammation  is  due  to  alterations  in  the  walls  of 
the  blood-vessels  and  not  to  changes  in  the  blood  itself, 
was  first  shown  by  Mr.  Lister.*  Mr.  Lister  proved  ex- 
perimentally that  the  blood  removed  from  an  inflamed 
part  did  not  differ  in  the  tendency  of  the  red  blood- 
corpuscles  to  cohere  to  one  another  from  normal  blood  ; 
and  he  concluded  that  the  accumulation  of  the  red 


»  "On  the  Early  Stages  of  Inflammation.''— p/ciVoso/j/t.  Trans.,  1858. 
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corpuscles  in  inflamed  tissues,  and  their  adhesion  to  one 
another  and  to  the  walls  of  the  vessels,  was  owing  to  their 
natural  tendency  to  cohere  together  when  in  aLnormal 
circumstances,  such  as  occurs  after  their  removal  from  the 
body ;  and  that  this  cohesion  in  inflammation  which  leads 
to  stasis  was  due  to  impaired  vitality  of  the  "walls  of  the 
blood-vessels.  This  conclusion  of  Mr.  Lister  has  been 
verified  by  more  recent  investigations.  E,y  neck  has  shown 
that  stasis  may  be  produced  in  the  web  of  a  frog,  m 
which  milk  or  defibriuated  blood  has  been  injected  in 
place  of  the  normal  blood  ;  and  also  that  in  vessels,  the 
vitality  of  which  has  been  completely  destroyed  by  the 
injection  of  poisonous  metallic  substances,  no  stasis  can 
be  produced  *  The  investigations  of  Prof.  Cohuheim  are 
still  more  conclusive.  Cohnheini  Hgatured  the  ear  of  a 
rabbit  at  its  base  with  the  exception  of  the  median  artery 
and  vein,  and  emptied  the  vessels  of  their  blood  by  the 
injection  of  a  weak  saline  solution.  He  then  injected 
into  the  emjitied  vessels  various  irritating  solutions,  and 
on  again  allowing  the  blood  to  flow  through  the  thus 
injured  vessels  all  the  phenomena  of  inflammation 
ensued.f  His  experiments,  already  described  when 
speaking  of  local  anasmia,  the  result  of  which  was  to 
show  that  if  the  circulation  in  any  organ  (as  the  ear  of 
the  rabbit)  be  completely  arrested  for  a  sufficient  length 
of  time  by  the  simultaneous  occlusion  of  the  arteries  and 
veins,  and  then  the  blood  be  again  allowed  to  circulate, 
dilatation  of  the  vessels,  hyperasmia,  stagnation,  exuda- 
tion, and  all  the  phenomena  of  inflammation  take  place 
in  the  part,  also  prove  that  an  injury  to  the  walls  of  the 
blood-vessels  caused  by  depriving  them,  for  some  time,  of 
arterial  blood,  is  followed  by  retardation  of  the  circulation 
and  the  subsequent  phenomena  of  inflammation.  The 
results  of  these  experiments  appear  to  be  conclusive,  and 

*  Eyneck,  "  Zur  Konntniss  der  Staso  des  Blutcs  iu  den  Gofasson 
Entzuudeter  Theilo."— RoUot's  Viifcrsuch.  aiis  dem  Jih'stitiitc  fur 
Pliiis.  V.  IIiKtoL  in  Grnz. 

t  "  Neue  Uutersucliungen  ubordie  Eutzundung,"  Cohnheim,  1873. 
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show  that  the  retardation  and  ultimate  stagnation  of  the 
blood-stream  in  inflammation,  are  owing  to  some  impair- 
ment of  the  vital  properties  of  the  walls  of  the  blood- 
vessels with  which  the  circulating  blood  comes  into 
contact. 

In  explanation  of  the  phenomena  of  exudation  and 
emigration,  which  take  place  coincidently  with  the  re- 
tardation of  the  blood-stream,  it  may  be  stated  in  the 
first  place  that  these  are  not  due  to  any  increased  blood- 
pressure  such  as  exists  and  accounts  for  the  exudation  in 
mechanical  hyperaemia,  inasmuch  as  the  pressure  within 
the  vessels  of  an  inflamed  area  is  less  than  natural. 
Neither  can  they  be  due  to  the  enlargement  of  stomata 
which  have  been  supposed  to  exist  between  the  endothe- 
lium, because  if  such  openings  existed  the  unaltered  blood 
would  escape,  and  not  certain  constituents  of  it  only  ; 
and  a  similar  escape  would  occur  in  conditions  of  active 
hypertemia.  From  the  experimental  investigations  which 
have  been  described,  there  can  be  no  doubt  that  these  two 
phenomena  of  inflammation  are,  like  the  dilatation  of  the 
vessels  and  retardation  of  the  circulation  with  which 
they  are  associated,  due  to  some  alteration  in  the  vital 
froperties  of  the  ivalls  of  the  Hood-vessels,  an  alteration 
possibly  of  a  chemical  nature,  but,  at  all  events,  one  not 
accompanied  by  any  structural  change  recognisable  by 
our  present  methods  of  observation.  This  alteration 
increases  the  resistance  between  the  blood  and  the  vessels, 
and  so  impedes  the  circulation,  and  also  permits  the 
transudation  of  constituents  of  the  blood  which  normal 
vessels  retain.  The  causes  of  this  alteration  may  be  very 
various,  but  they  all  lead  to  similar  results,  and  if  their 
injurious  influence  be  suflicicntly  pronounced,  they  may 
completely  destroy  the  vitality  of  the  vessel.  When  this 
occurs,  as  was  seen  in  the  chapter  on  thrombosis,  the 
blood  coagulates,  and  we  pass  from  the  confines  of  in- 
flammation into  those  of  necrosis. 

The  remaining  constituent  of  the  inflammatory  process 
— the  alteration  in  the  nutrition  of  the  inflamed  tissue — 
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succeeds  the  changes  iu  the  circulation  and  the  exudation. 
Respecting  the  cause  of  the  increased  nutritive  activit}-- 
of  the  ceUular  elomeuts  which  characterises  inflammation 
in  certain  tissues— it  is  probable  that  this  is,  for  the  most 
part,  the  result  of  the  stimulation  of  the  cells  by  the 
hquor  sanquinis  exuded  from  the  blood-vessels,  and  the 
increased  supply  of  nutriment  with  which  they  are  sur- 
rounded. (See  "Nutrition  Increased.")  The  impair- 
ment of  nutrition  produced  by  inflammation  is  due  partly 
to  the  stagnation  of  the  blood,  and  partly  to  the  injurious 
influence  of  the  products  which  escape  from  the  blood- 
vessels.   (See  "  Suppuration.") 


SuppTJEATiON. — Suppuration,  and  the  formation  of  ab- 
cesses,  is  a  very  frequent  result  of  the  inflammatory  pro- 
cess ;  it  occurs  much  more  frequently,  however,  in  some 
inflammations  than  in  others.  As  a  rule  it  may  be  stated 
that  the  more  intense  the  inflammation  the  more  abun- 
dant is  the  formation  of  pus. 

The  essential  constituents  of  pus  are  cells  and  a  Hquid 
in  which  they  are  suspended.  The  hquid  has  an  alkaline 
reaction  and  closely  resembles  the  liquor  sangumis.  It 
contains  various  kinds  of  albumen,  fatty  matters,  and  in- 
organic substances.  The  cells,  or  ^nts-corjmsdes  (leu- 
cocytes), are  indistinguishable  from  the  white  corpuscles 
of  the  blood.  As  seen  after  death,  they  are  spherical, 
spheroidal,  or  irregular-shaped,  semi-transparent  bodies, 
from  -^^ooth.  to  ggVotti  of  an  inch  in  diameter,  containing  a 
varying  number  of  granules,  and  usually  cue  or  more 
distinct  nuclei.  (Fig.  75.)  The  addition  of  dilute  acetic 
acid  causes  the  cells  to  swell  up  ;  they  become  more 
spherical  and  transparent,  and  the  nuclei  are  rendered 
more  apparent.  The  size  of  the  corpuscles  and  nuclei, 
and  the  number  of  the  granules,  present  manifold  vari- 
ations. Pus-corpuscles,  like  white  blood-corpuscles.lymph- 
corpuscles,  and  many  other  young  cell-forms— all  of 
which  are  included  under  the  common  term  of  leucocijics — 
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are  masses  oi:  contractile  protoplasm.  They  possess 
the  power  of  spontaneous  movement,  and  when  livino- 
undergo  continuous  alterations  in  form,  and  migrate  in 
the  tissues.    (See  Fig.  74.)    They  may  also  multiply. 

The  mode  of  origin  of  pus  has  been  the  subject  of 
much  controversy.  The  liquid  ingredient  proceeds 
directly  or  indirectly  from  the  blood,  it  is  the  exuded 
liquor  sanguinis  :  about  this  there  is  no  dispute.  The 
difference  of  opinion  which  has  existed  is  respecting  the 

Fig.  75. 

m  i 


-Piis-corpiisr/e.1  as  aeen  after  death.— a.  Before,  6.  after, 
the  additiou  of  dilute  acetic  acid,    x  400. 

origin  of  the  formed  elements.  Without  discussing 
obsolete  theories,  it  must  now  be  admitted  that  there  are 
two  sources  from  which  the  cells  of  pus  may  be  derived- 
one  from  the  Mood,  and  the  other  from  the  ivflamed 
tissues. 

It  has  been  seen  that  in  the  process  of  inflammation 
innumerable  white  blood-corpuscles  pass  out  of  the 
vessels  into  the  surrounding  tissues,  and  as  these  are 
mdistinguishable  from  pus-corpuscles,  it  must  be  conceded 
than  one  mode  of  origin  of  pus  is  from  the  blood.  Fur- 
ther, the  white  blood-corpuscles  may  multiply,  and  it  is 
probable  that  by  this  means  the  production  of  pus  may 
be  greatly  increased. 

^  The  other  source  from  which  the  cells  of  pus  are  de- 
rived is  from  the  cellular  elements  of  the  inflamed  tissue. 
In  certain  tissues,  as  has  been  seen— especially  in  epithe- 
lial and  endothelial  tissues— the  cells  are  the  seat  of 
active  changes  in  inflammation  ;  they  may  multiply  and 
form  new  cells,  and  the  more  intense  the  inflammation, 
the  more  lowly  organised  are  the  newly-formed  elements,' 
and  the  less  is  their  tendency  to  form  a  permanent  tissue.' 
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Some  of  these  newly-formed  cells  constitute  pus-cor- 
puscles. These,  in  this  case,  must  be  regarded  as  young 
elements  resulting  from  the  proliferation  of  the  tissue, 
which  are  of  low  vitality,  aiid  soon  perish. 

Although  the  formed  elements  of  pus  may  thus  be 
derived  both  from  the  blood  and  from  the  inflamed  tissue, 
there  can  be  no  doubt  that  the  former  is  their  principal 
source,  and  that  they  are  in  the  main  migrated  blood- 
corpascles.  In  the  earher  stages  of  the  inflammatory 
process,  they  are  mostly,  if  not  all,  emigrants  ;  but  in  the 
later  stages  it  must  be  admitted  that  they  may  also,  m 
certain  tissues,  be  derived  from  the  cells  of  the  inflamed 
part. 

The  blood  being  the  principal  source  of  pus,  it  is  evi- 
dent that  the  more  abundant  the  escape  of  blood-cor- 
puscles, the  greater  will  be  the  formation  of  this  product, 
and  hence  the  greater  its  tendency  to  collect  so  as  to 
form  an  abscess.    It  is  consequently  in  those  inflamma- 
tions which  are  the  most  concentrated  and  the  most  i'h- 
^ense-— provided  that  the  injury  be  not  sufficiently  severe 
to  cause  complete  stasis— that  the  formation  of  pus  is 
most  abundant.    The  greater  the  injury  sustained  by  the 
walls  of  the  blood-vessels,  the  more  readily  will  the  blood-  ^ 
corpuscles  penetrate  them,  and  hence  the  more  abundant 
will  be  the  formation  of  pus.    In  inflammations  of  less 
intensity  the  escape  of  blood-corpuscles  is  less  abundant, 
so  that  pus  is  not  produced  in  sufficient  quantities  to 
cause  its  collection  in  the  form  of  an  abscess,  and  the 
corpuscles  may  merely  infiltrate  the  part  in  such  few 
numbers  as  to  require  for  their  recognition  the  use  of  the 
microscope. 

Pus  exercises  a  most  injurious  influence  upon  the  sur- 
rounding tissues.  The  pus-corpuscles  appear  to  be 
endowed  with  the  power  of  absorbing  the  tissues  with 
which  they  come  in  contact,  or,  at  all  events,  of  causing 
their  liquefaction.  Hence  the  softening  and  disintegra- 
tion of  the  tissues  which  constitute  such  a  destructive 
element  in  intense  inflammations. 
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Pus  whicli  lias  remained  for  any  length  of  time  in  the 
tissues  undergoes  certain  changes.  Its  elements  may 
undergo  fattj^  metamorphosis,  and  thus  be  rendered  ca- 
pable of  absorjition.  If  pus  is  long  confined  in  a  closed 
cavity,  its  liquid  portions  may  become  absorbed,  and  its 
cells  atrophy,  so  that  it  gradually  dries  up  into  a  caseous 
mass,  which  may  subsequently  become  calcified. 


Varieties  op  Inplammatiox.— 1 .  The  most  important 
variations  in  infiammation  are  due  to  the  amount  of  alter- 
ation in  the  walls  of  the  blood-vessels,  in  other  words,  to 
the  intensity  of  the  inflainmatory  process.   The  extent  to 
which  the  vessels  are  altered  depends  upon  the  severity 
of  the  initial  injury,  and  the  degree  of  susceptibility  to  its 
injurious  influence;  the  vascular,  like  other  tissues,  being 
much  more  easily  influenced  injuriously  in  some  indi- 
viduals and  in  some  states  of  health  than  in  others.  In 
speaking  therefore  of  the  intensity  of  an  inflammation,  it 
must  be  borne  in  mind  that  it  comprises  these  two  factors. 
From  what  has  been  already  stated  it  will  be  obvious  that 
upon  the  intensity  of  an  inflammatory  process  will  depend 
the  extent  and  character  of  the  exudation  from  the  vessels 
—the  greater  the  intensity,  the  more  abundant,  the  more 
highly  albuminous,  and  the  more  richly  cellular  the  exu- 
ded liquids.    Hence  it  is  in  inflammations  of  considerable 
intensity  that  the  vascular  phenomena  are  often  so  pro- 
nounced, the  formation  of  pus  so  abundant,  and  the 
softening  and  disintegration  of  the  tissues  so  considerable. 
Such  inflammations,  inasmuch  as  the  action  of  the  injury 
which  produces  them  is  for  the  most  part  of  short  dura- 
tion, are  sometimes  designated  acute  inflammations. 

In  inflammations  of  less  intensity  the  vascular  phe- 
nomena are  less  marked,  the  exudation  is  less  albuminous, 
and  the  formation  of  pus  is  less  abundant.  It  is  in  many ' 
of  these  less  intense  and  more  chronic  forme  of  inflam- 
mation that  new  growth  occupies  a  prominent  place.  The 
new  growth  consists  in  the  main  of  an  increase  of  the 
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connective  tissue  aroimd  the  blood-vessels,  althongh  m 
certain  tissues,  especially  epithelial  and  glandular  struc- 
tures, this  is  associated  with  an  increase  of  the  epithelial 
elements.    It  appears  to  me  to  be  probably  true— that 
the  less  intense  the  inflammatory  process,  the  more  do  the 
resulting  textural  changes  tend  to  be  limited  to  the  con- 
nective tissue  which  is  immediately  adjacent  to  the  blood- 
vessels, whereas  in  inflammations  of  somewhat  greater 
intensity  the  epithehal  elements  become  involved.  This 
is  seen,  for  example,  in  inflammation  of  the  kidneys  and 
mucous  membranes.     In  the  former,  the  least  severe 
forms  of  inflammation  are  characterised  histologically  by 
an  increase  in  the  connective  tissue  around  the  blood- 
vessels (see  "  Interstitial  Nephritis  ")  ;  whilst  in  inflam- 
mations of  somewhat  greater  intensity,  the  prominent 
textural  change  consists  in  swelling  or  proliferation  of  the 
epithelium  within  the  tubules.  (See  "  Tubal  Nephi-itis.") 
In  mucous  membranes,  also, the  more  severe  inflammations 
are  attended  by  epithehal  proliferation,  the  less  intense  and 
more  chronic  by  changes  in  the  submucous  connective 
tissue.    The  tendency  of  the  textural  changes  resulting 
from  the  least  severe  forms  of  inflammation  to  be  limited 
to  the  connective  tissue  immediately  adjacent  to  the  blood- 
vessels, gives  to  these  inflammations  certain  peculiarities. 
The  new  tissue— consisting  in  the  earlier  stages  mainly 
of  small  round  cells,  but  ultimately  becoming  developed 
into  a  more  or  less  completely  fibrillated  structui-e  (an 
adenoid  or  fibrous  tissue)— leads  to  an  induration  of  the 
organ  in  which  it  is  situated,  and  very  often,  to  the  sub- 
sequent atropliy  and  retrogressive  metamorphosis  of  its 
other  histological  elements.    These  changes  wdl  be  more 
fully  considered  when  treating  of  inflammation  of  the 
individual  organs  and  tissues.    (See  "Inflammation  of 
Common  Connective  Tissue,"  "Cirrhosis  of  the  Liver,  ' 
&c.)  These  least  intense  forms  of  inflammation,  inasmuch 
as  the  iiijurv  which  produces  them  is  not  only  of  slight 
severity,  but  is  usually  also  prolonged  and  intermittent 
in  its  action,  are  often  known  as  chron  ic  inflammations. 
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2.  Inflammations  vary  considerably  in  the  character  of 
the  effusions  to  which  they  give  rise,  hence  there  are 
serous,  fibrinoiis  and  supjjarative  ini3ammations.  These 
differences  are  obviously  closely  connected  with  differ- 
ences in  the  intensity  of  the  inflammatory  process. 

A  serous  efFnsion  is  one  containing  but  little  albumen 
and  few  blood-corpuscles,  and  consequently  having  but 
little  tendency  to  coagulate.  Such  eflFusions  occur  in 
inflammations  of  slight  intensity,  in  which  the  alteration 
in  the  walls  of  the  blood-vessels  is  only  sufiicient  to  allow 
the  more  watery  constituents  of  the  blood  to  escape.  In 
more  intense  inflammations  also,  where  the  emigration  of 
blood-corpuscles  is  not  fully  established,  as  in  the  earlier 
stages  of  the  process,  and  when  the  injury  to  the  vessels, 
although  severe,  is  rapid  and  transient  in  its  action,  as  that 
caused  by  heat  and  bHstering  agents,  the  eff'usion  is  often 
a  clear  and  only  slightly  coagulable  liquid.  Lastly,  in 
an  impoverished  state  of  the  blood,  especially  where  the 
albumen  is  diminished,  an  inflammatory  exudation,  even 
when  the  process  is  of  considerable  intensity,  is  liable  to 
be  of  a  serous  or  very  imperfectly  fibrinous  character. 

Afihrinous  efi"usion  is  more  richly  albuminous  than  the 
preceding,  contains  more  blood-corpuscles,  and  conse- 
quently has  a  muct  greater  tendency  to  coagulate ;  so 
that  layers  of  fibrin  are  found  adherent  to  the  inflamed 
surface.  Fibrinous  eff'usions  are  usually  due  to  a  graver 
alteration  in  the  walls  of  the  vessels  than  serous— an 
alteration  which  allows  more  of  the  constituents  of  the 
blood  to  escape.  As  just  stated,  they  may  not  occur  in 
impovenshed  conditions  of  the  blood,  even  though  the 
inflammation  be  of  great  intensity.  ^ 

A  siqjpnrcUive  efi-usion  contains  so  many  blood-corpuscles 
that  it  13  distinctly  purulent.  (See  "  Suppuration.") 
Ihis  abundant  escape  of  leucocytes  is  due  to  an  inflam- 
mation of  considerable  intensity,  to  one  in  which  the  alter- 
ation m  the  walls  of  the  vessels  is  more  marked,  and  the 
injurious  influence  is  for  the  most  part  more  prolonged 
than  that  which  permits  the  escape  of  a  less  corpuscular 
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liquid.  The  suppuration  is  often  preceded  by  a  serous  or 
fibrinous  effusion,  the  blood-corpuscles,  as  already  stated, 
escaping  at  a  later  period  in  the  process  than  the  liquor 
sanguinis. 

3.  One  of  the  most  important  divisions  of  inflammation 
is  into  infective  and  non-ivfedive.   An  infective  inflamma- 
tion is  one  the  products  which  possess  iiifective  properties, 
owing  to  which  the  substances  which  are  absorbed  from  the 
inflamed  part  tend  to  cause  secondary  inflammations  of 
the  tissues  with  which  they  come  into  contact.  This 
infective  property  has  in  the  first  place  a  local  influence, 
causing  inflammation  in  the  tissues  immediately  adjacent 
to  the  part  primarily  affected  —infective  inflammations 
have  thus  a  tendency  to  spread.  The  infective  substances 
being  absorbed  by  the  blood-vessels  and  lymphatics  then 
tend  to  cause  inflammation  in  distant  tissues  :— thus  the 
process  becomes  disseminated.    What  it  is  that  causes  the 
products  of  an  inflammatory  process  thus  to  become  in- 
fective will  be  considered  more  fully  in  the  chapter  on 
Septicajmia  and  Pycemia.     It  will  be  sufllcient  here  to 
state  that  in  all  infective  inflammations  the  formation  of 
the  infective  substance  appears  to  be  due  to  the  presence 
of  minute  organisms,  these  organisms  in  the  ordinary 
non-specific  infective  inflammations  being  the  common 
septic  bacteria. 

4.  Inflammations  have  received  different  names,  accord- 
ing to  the  nature  of  the  injury  upon  which  they  depend. 
Those  inflammations  which  result  from  external  injuries, 
mechanical  or  chemical  violence,  are  called  traumatic. 
Inflammations  in  which  the  nature  of  the  injury  is  not 
obvious,  are  usually  called  idioixiiUc.  The  nature  of  the 
injury  may  give  to  the  inflammatory  process  certain  pecu- 
liarities. The  contagium  of  small-pox,  for  example,  gives 
rise  to  inflammation  of  the  slciu.  constituting  the  "  rash ;" 
that  of  syphilis,  to  certain  inflammations  of  the  skiu,^ 
mucous  membranes,  and  other  tissues  ;  and  that  of 
typhoid  fever,  to  inflammation  of  the  intestinal  lymphatic 
structures.    In  all  these  and  numerous  similar  cases,  the 
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uatm-e  of  the  injury  impresses  upon  the  inflammation 
certain  peculiarities,  and  in  so  far  as  the  former  is  specific, 
the  latter  may  be  called  sjiecific  inflammations.  Lastly, 
inflammatory  processes  may  be  modified  by  the  existence 
of  certain  constitutional  peculiarities.  This  is  the  case 
especially  in  Scrofula. 


TiiRMiNATioNs  01'  Lxi'LAMiTATiON.— 1.  jResolution.— This, 
the  most  frequent  and  most  favourable  termination  of 
inflammation,  consists  in  the  cessation  of  the  process  and 
the  restoration  of  the  part  to  health.  *In  order  for  this 
to  occur,  it  is  necessary,  in  the  first  place,  that  the  in- 
jurious influence,  whatever  it  may  be,  should  be  removed. 
This  being  done,  there  must  be  a  restoration  of  the  walls 
of  the  blood-vessels  to  their  normal  condition,  in  order 
that  the  abnormal  transudation  may  be  arrested.  This 
restoration  will  obviously  be  more  easily  efl'ected  in  the 
earlier  than  in  the  more  advanced  stages  of  the  inflam- 
matory process.  A  normal  condition  of  the  walls  of  the 
blood-vessels  is  dependent  upon  the  proper  circulation  of 
the  blood  through  them  and  the  vasa  vasorum.  What- 
ever, therefore,  favours  the  re-estabhshment  of  the  cir- 
culation in  the  inflamed  area  will,  as  pointed  out  by 
Cohnheim,  favour  resolution. 

Another  necessary  element  in  resolution  is  the  removal 
of  the  inflammatory  products.  This  is  efl'ected  mainly 
by  the  lymphatics,  the  effused  liquid  and  blood-corpuscles 
passing  into  the  lymphatic  channels.  After  the  restora- 
tion of  the  circulation,  absorption  is  also  carried  on  to 
some  extent  by  the  blood-vessels.  In  the  latter  stao-cs 
of  the  process  any  unabsorbed  blood-corpuscles  or  fibrin 
undergo  fatty  degeneration,  and  thus  the  complete  re- 
moval of  the  inflammatory  products  is  much  facilitated. 
(See  "  Grey  Hepatization.") 

Tt  will  thus  be  obvious  that  all  those  conditions  which 
interfere  with  the  lymphatic  or  vascular  circulation,  such 
as  the  pressure  exercised  by  large  ciuantities  of  efi'usion  in 
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a  serous  cavity,  or  by  a  richly  cellular  ^--^^"  ^ 
lymphatic  glaud,  inust  retard  resolution     (See  L^asca^ 
Jon"  and  "Scrofulous   Inflammation.")  Interferenc 
with  the  lymphatic  circulation  tends  especially  to  prevent 
absorption,  interference  with  the  circulation  m  the  blood- 
vessels to  prevent  that  restoration  of  those  vessels  to  a 
normal  condition  which  is  necessary  m  order  to  arrest 
the  continued  transudation.  i^^+i, 
2  J^ecrosis.-Inflammation  may  termmate  m  the  death 
of  the  inflamed  tissue.    This  result  is  liable  to  occur  if 
the  initial  injury  is  of  considerable  seventy  and  the  duia- 
tion  of  its  action  is  prolonged.    Such  injuries  by  com- 
ple  elY  destroying  the  vitality  of  the  vessels  m  that  area 
whe^e'theirii^^ui^us  influence  is  the  most  marted,  cause 
thrombosis-,  and  this,  together  with  the  interference  with 
hrcirculat\oudueto  exudation  from  the  -"^^ 
vessels,  lead  to  the  death  of  more  or  less  of  the  affected 

^'"^Considerable  impairment  of  the  vitality  of  a  tissue  also 
renders  it,  when  inflamed,  very  liable  to  become  necrotic  ; 
hence  the  frequency  with  which  inflammations  m  the  aged 
and  debilitated  terminate  in  gangrene.    (See  beniie 
Gangrene.")    This  liability  is  partly  due,  as  a  ready  ex- 
plained,  to   the   weakened  vessels   being   abnormal  > 
Tsceptible  to  the  injurious  influence,  so  that  very  sligh^^ 
niuries  may  cause  intense  inflammations;   and  paitly 
the  feeblLess  of  the  circulating _  forces    and  conse- 
quent inability  to  restore  the  circulation  m  the  inflamed 
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Tncw  Grotvtii -The  development  of  new  tissue  has 
already  been  alluded  to  as  a  result  of  many  of  the  less 
nitensl  inflammations.  In  order  for  this  "  pro^uc  ive 
inflammation  to  occur,  the  inflammatory  process  must  not 
be  of  sufiicient  intensity  to  cause  abundant  pus-fonuation 
lit  yet  intense  enough,  and  the  blood  of  a  sufliciently 
healthy  character,  to  lead  to  a  fibrinous  exudation  a  d 
the  escape  of  a  certain  number  of  leucocytes  It  is  i  om 
a  fib  ;  us  effusion  containing  white  blood-corpuscles- 
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the  so-called  plastic  l3a-npli — that  the  new  tissue  is  pro- 
duced. The  new  tissue  is  invariably  a  connective  tissue, 
and  its  develojiment  will  be  considered  when  speaking  of 
inflammation  of  connective  tissue.  It  will  be  sufficient 
here  to  state  that  the  process  consists  in  the  develoi:)ment 
of  some  of  the  escaped  leucocytes  into  larger  cells,  the 
formation  of  mimeroas  new  blood-vessels,  the  fibrillation 
of  the  growth,  and  its  ultimate  development  into  a  vas- 
cular connective  tissue,  which  subsequently  becomes  less 
vascular  and  tends  to  contract.  This  productive  inflam- 
mation occurs  in  the  union  of  wounds,  the  healing  of 
ulcers,  in  chronic  inflammation  of  organs,  &c.  (See 
"  Inflammation  of  Common  Connective  Tissue.") 
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CHAPTER  XXX. 


SCEOFULOUS  INFLAMMATION, 

The  process  of  iuflammation  when  oecurring  in  tlie 
scrofalons  usually  presents  certain  i^eculiarities. 

The  constitutional  condition  known  as  scrofula — a  con- 
dition usually  inherited  but  often  acquii-ed — is  charac- 
terised by  certain  pathological  tendencies.  Of  these  the 
most  important  is  an  abnormal  susceptibility  of  certain 
tissues  to  injury,  and  a  peculiarity  in  the  products  and 
in  the  course  of  the  inflammation  which  the  injui-y  in- 
duces. This  susceptibility,  more  or  less  general,  is  com- 
monly most  marked  in  the  mucous  membranes  and  in 
the  lymphatic  glands,  although  the  skin,  bones,  and 
joiats  are  frequently  affected.  The  part,  however,  which 
is  the  most  prone  to  suffer  varies  considerably  in  different 
cases. 

Not  only  is  there  this  susceiDtibility  to  inflammation, 
but  the  inflammatory  process  tends  to  be  exceedingly 
protracted ;  it  is  very  readily  reinduced,  aud  the  altera- 
tions produced  in  the  part  differ  from  those  caused  by 
inflammation  in  healthy  persons.  When  inflammation 
occars  in  a  healthy  individual,  if  it  does  not  cause  the 
death  of  the  part,  the  inflammatory  products  either  be- 
come absorbed,  or  the  process  leads  to  suppuration,  or  to 
the  formation  of  a  vascularised  connective  tissue.  In 
scrofTilous  inflammation  the  absorption  of  the  inflamma- 
tory products  is  very  much  less  readily  affected;  they 
tend  to  inJiUrafe  and  acciunulafe  in  the  tissue,  where  by 
their  pressure  they  interfere  with  the  circulation,  and  so 
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lead  to  retrogressive  and  caseous  clianges.  There  is  but 
little  or  no  tendency  to  tlie  development  of  new  blood- 
vessels, and  hence  there  is  no  organisation  of  the  new 
growth. 

These  peculiarities  of  iuliamniatiou  in  scrofulous  sub- 
FiG.  7G. 


Srri>/iilniiH  liijliimmation  q;' a  Urotuiiiis: — Soctiou  of  a  siiiali 
bix'nchns  of  a  markedly  scrofulous  child,  ihe  subject  of 
brouchitis,  whicli  terminated  in  miliary  tubei'ciilosis.  The 
deeper  structures  of  the  bronchial  wall  are  scon  to  be 
extensively  infiltrated  with  cells,  most  of  which  are  lariji'i- 
than  those  met  with  in  the  less  extensive  infiltration  of 
hi-althy  iuflanniiatioti.  The  infiltration  extends  to  and  in- 
vades the  walls  of  the  adjacent  alveoli,  which  are  seen  at 
the  upper  part  of  the  drawing.  The  cavity  of  tho  bron- 
chus contains  a  little  mucus,  m.    x  200,  redueed 

jects  are  to  be  in  great  measure  ascribed  to  that 
inherent  low  vitality  of  the  tissues  which  obtains  in 
this  disease,  and  also  to  certain  peculiarities  in  thr 
histology  of  the  inflammatoi-y  products.    Yirchow  long 
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ago  pointed  out  the  richly  cellular  character  of  the  pro- 
ducts of  scrofulous  inflammation,  the  tendency  of  the 
cells  to  infiltrate  the  tissue,  and  the  extreme  tardiness 
with  which  the  infiltration  becomes  absorbed.  Quite 
recently  Professor  Riudfleisch  has  stated  that  these  cells 
are,  for  the  most  part,  lar<]er  than  those  met  with  in 
liealthy  inflammations;  and  that  this  being  the^  case, 
their  removal  by  passage  into  the  lymphatics  is  less 
readily  effected.*  In  tubercle,  the  close  relation  of  which 
to  scrofulous  lesions  is  well  known,  the  existence  of  large 
cell-forms  is  almost  constant,  and  their  pathological  sig- 
nificance in  both  these  allied  products  will  be  more  fully 
considered  when  speaking  of  tuberculosis.  (See  "  Tu- 
bercle and  Acute  Tuberculosis.")  This  largeness  of  many 
of  the  young  cells  in  scrofulous  inflammation,  and  their 
marked  tendency  to  infiltrate  and  accumiilate  is  well 
shown  in  the  accompanying  drawing  (Fig.  76). 

These  histological  peculiarities  of  the  products  of  scro- 
fulous inflammations  not  only  lead  to  an  extensive  and 
obstinate  infiltration  of  the  affected  tissues,  but,  as  in- 
sisted upon  by  Eindfleisch,  they  must  in  the  parenchyma 
of  organs,  as  in  the  glands  and  viscera,  cause,  by  the 
pressure  they  exercise,  more  or  less  obstruction  of  the 
blood-vessels,  and  so  interfere  with  the  vascular  supply. 
To  this  interference  with  the  vascular  supply,  and  to  the 
inherent  low  vitality  of  the  cellular  elements,  is  to  be 
mainly  ascribed  the  retrograde  changes  and  caseous 
meLamorphosis  which  are  so  characteristic  of  scrofulous 
lesions. 


*  Ziemssen's  "  Oyclupasdia  of  Practical  IMcdiciue,''  vol.  v.  Article, 
Uhrouic  and  Acute  Tuberculosis,  by  Kiudllcisch. 
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TUBEECLE  AND  ACUTE  TUBEECULOSIS. 

By  acute  tuberculosis  is  understood  a  general  infective 
disease,  which  is  characterised  anatomically  by  the  occur-- 
rence  of  numerous  minute  nodular  lesions  more  or  less 
generally  disseminated  in  the  various  organs  and  tissues. 
The  generally  disseminated  nodular  lesions,  which  are 
characteristic  of  the  disease,  appear  to  be  inflammatory 
growths,  resulting  from  the  distribution  of  infective  mate- 
rials (probably  minute  particles),  by  means  of  the  blood- 
vessels or  lymphatics  from  some  primary  inflammatory 
product.  They  are,  therefore,  the  anatomical  results  of 
an  infective  inflammatory  process,  and  they  constitute 
what  have  long  been  known  as  miliary  tubercles. 

General  Pathology  of  Acute  Tuhermlosis. — Our  know- 
ledge of  acute  tuberculosis  and  of  its  anatomical  result — 
tuhercle,  has  until  recently  been  involved  in  obscurity  ; 
but  at  the  present  time — owing  in  great  measure  to 
scientific  experimental  research — it  may  be  regarded  as 
being  much  more  complete.  According  to  the  older  doc- 
trines, which  were  based  upon  the  teaching  of  Laennec, 
tubercle  was  looked  upon  as  a  specific  non -inflammatory 
growth  which  originated  spontaneously  in  the  tissues. 
Further,  this  new  growth  was  characterised  by  the  regular 
succession  of  changes  which  it  invariably  underwent — 
it  was  first  grey  and  translucent,  then  became  opaque,  and 
ultimately  caseous.  Hence  in  its  earlier  stages  it  was 
known  as  grey,  in  its  latter  as  yelloiu  tubercle.  Caseous 
metamorphosis  was  held  to  be  such  a  distinguishing  pecu- 
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liarity  of  tbe  growth,  that  all  cix^dAi^  inas^ses  were  regarded 
as  tubercular,  and  the  term  "  tubercle  "  came  to  be  apidied 
iudiRcrmiinatcly  to  all  pathological  products  which  had 
uudergoue  this  form  of  degeueration,  and  which  in  their 
colour  and  consistence  somewhat  resembled  soft  cheese. 
(Caseation,  however,  as  already  stated,  although  most 
frequent  in  tuberculous  and  scrofulous  lesions,  iN  a 
common  result  of  the  retrograde  metamorphosis  of  many 
growths  which  are  destitute  of  or  contain  but  few  blo(.d- 
vessels,  and  which  consist  of  closely  crowded  cellular 
elements.  (See  "  Caseation.")  For  this  much  wider 
extension  of  the  pathological  significance  of  caseous 
degeneration  vve  are  mainly  indebted  to  Professor 
A-'irchow.* 

The  infective  nature  of  acute  tuberculosis  was  first 
promulgated  about  twenty  years  ago  by  Biihl,  who  stated 
that  in  the  majority  of  cases  of  this  disease  indurated 
masses  which  had  become  caseous  e.visted  in  some  part  of 
the  body,  and  that  to  the  absorption  of  substances  from 
these  infective  centres  the  general  development  of  the 
tubercle  was  owing.  He  further  stated  that  in  those  cases 
in  which  the  tubercles  were  confined  even  to  limited  por- 
tions of  a  single  organ,  they  were  also  secondary  to 
caseous  lesions.  Buhl's  theory,  therefore,  implied  that 
the  origin  of  the  infective  substances  was  necessarily 
associated  with  caseous  metamorphosis  of  the  primary 
intiammatory  induration.  A  modification  of  this  view 
of  the  nature  of  the  infecting  lesion  has  since  been  ren- 
dered necessary,  both  by  the  results  of  post-mortem 
observations,  and  also  by  those  which  have  been  obtained 
from  the  artificial  production  of  tuberculosis  in  the  lower 
animals. 

The  experimental  investigation  of  acute  tuberculosis 
was  commenced  by  Villemin  in  ISlio,  and  subsequently 


*  For  fiivtlicriufonnatioii  ou  (lie  history  of  "tulnn-cKs"  (lie  reaiier 
is  rel'en-ed  to  (lie  comiueuceiueut  of  the  cliMjiter  on  "  ruhmniary 
riiliiisis." 
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followed  out  by  Burden  Sanderson,  Wilson  Fox,  Colin- 
heim,  Klebs,  and  others.    The  methods  of  mvesti.f^ation 
consisted  either  in  the  inoculation  of  various  inflamma- 
tory products — for  the  most  part  products  of  chronic 
inflammations  (caseous  or  not  caseous),  or  in  the  produc- 
tion of  a  local  inflammatory  induration  by  the  introduc- 
tion of  setous  and  of  other  foreign  bodies  beneath  the  skin. 
Of  inflammatory  products  Dr.  Sanderson  found  that  none 
proved  so  active  as  that  obtained  from  the  indurated 
lymphatic  glands  of  an  animal  already  sufli"ering  from  the 
disease.    In  both  cases,  after  a  certain  lapse  of  time,  dis- 
seminated inflammatory  lesions  were  produced  in  various 
orcrans  and  tissues— lesions  which  presented  a  special 
tendency  to  become  caseous  at  their  centres.    It  was  also 
found  that  the  distribution  of  these  lesions  varied  accord- 
ing as  the  infective  materials  were  introduced  into  the 
blood-vessels  or  lymphatics,  clearly  proving  that  they 
resulted  from  the  dissemination  of  infective  substances  by 
means  of  the  blood  and  lymph  streams.    The  results  of 
these  experiments  therefore  show,  in  the  first  place,  that 
caseation  of  an  inflammatory  product  is  not  necessary 
in  order  for  it  to  constitute  an   infective  focus  ;  ancT, 
secondly,  that  the  development  of  the  general  tuberculosis 
is  not  due  to  anything  specific  in  the  substances  inocu- 
lated, but  that  the  products  of  various  inflammatory  pro- 
cesses (for  the  most  part  of  inflammations  of  slight 
intensity),  may  constitute  the  infective  agents. 

The  lesions  produced,  however,  in  artificial  tuberculosis 
difi'er  somewhat  from  those  met  with  in  the  natural 
disease  as  it  occurs  in  man.  They  difi'er  both  iu  their 
anatomical  distribution,  and,  to  a  less  extent,  in  their 
pathological  tendencies.  The  di0"erences  in  anatomical 
distribution  are  principally  confined  to  the  brain  and 
lungs.  The  brain,  which  is  so  frequently  affected  in  the 
natural  disease  in  man,  is  rarely  so  in  artificial  tubercu- 
losis. In  the  lungs,  the  first  structural  changes  which 
take  place  in  artificial  tuberculosis  are  stated  by  Dr. 
Klein  to  consist  in  the  development  of  adenoid  tissue 
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around  the  perivascular  lymphatics,  the  implication  of 
the  alveoli  being  only  a  secondary  part  of  the  process.* 
In  the  natural  disease  in  man,  on  the  other  hand,  the 
changes  commence  in  the  alveoli  themselves.  Eespecting 
differences  in  their  pathological  tendencies — it  is  to  be 
remarked  that  caseation  occurs  much  more  extensively  in 
the  lesions  artificially  induced  than  in  man.  In  the 
former,  also,  diffused  tracts  of  consolidation  are  more 
frequently  associated  with  the  miliary  lesions,  and  they 
may  even  constitute  the  predominant  structural  changes. 
These  differences,  however,  are  probably  to  be  regarded 
as  resulting  from  differences  in  the  intensity  of  the 
infective  process,  and  from  peculiarities  in  the  morbid 
tendencies  of  the  tissues  involved,  and  not  as  any 
evidence  of  a  want  of  analogy  in  the  pathology  of  the 
two  diseases. 

Passing:  on  to  consider  acute  tuberculosis  as  it  is  met 
Avith  in  man,  it  must  in  the  first  place  be  stated  that  it 
occurs  most  frequently  in  those  who  are  scrofulous,  and 
one  or  more  masses  of  inflammatory  indTiration  which 
have  become  caseous  are,  in  the  great  majority  of  cases, 
to  be  found  in  some  parts  of  the  body  after  death  ;  some- 
times in  the  lungs,  sometimes  in  the  bronchial  glands, 
sometimes  in  the  glands  of  the  mesentery,  &.C.  Caseoias 
metamorphosis,  as  was  seen  in  the  preceding  chapter,  is 
exceedingly  common  in  scrofulous  inflammation,  owing 
to  the  marked  cellular  infiltration  and  consequent  anfemia 
which  characterise  the  process;  and  it  is  tliese  products 
of  scrofulous  inflammo.fion  ivliicli  are  the  most  common 
cause  of  acnte  tiiberculosis.  Much  less  frequently  cases 
of  acute  tuberculosis  are  met  with,  in  which  there  exists 
some  inflammatory  lesion  which  is  not  caseous,  as  a 
simple  induration,  an  inflamed  bone,  or  an  ulcerated 
mucous  membrane  ;  whilst  in  exceedingly  rare  cases  it  is 


*  "  On  the  Lymplmtic  System  of  the  liiings,'"  by  Dr.  E.  Kleiu  : 
I'roceed'.iKjs  of  the  Jloi/ul  Society,  No.  149,  1874. 
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stated  that  no  such  products  of  a  jDrevious  inflammatory 
process  has  been  discoverable. 

The  results  of  post-mortem  observations  of  the  natural 
disease  thus  appear  to  justify  the  same  conclusions 
respecting  the  nature  of  the  infective  substances  as  those 
derived  from  the  experimental  investigation  of  the  disease 
in  the  lower  animals,  and  in  a  man  also  it  must  therefore 
be  regarded  as  in  the  highest  degree  probable  that  any 
inflammatory  product  may,  under  certain  circumstances, 
give  rise  to  a  tuberculous  process,  and  that  although 
caseation  of  the  product  is  most  frequent,  it  is  not  essential 
in  order  for  it  to  constitute  an  infective  focus.  Why 
such  inflammatory  products  should  in  some  cases  be 
infective,  whilst  in  others  they  remain  inert,  we  are 
unable  cei-tainly  to  explain.  In  attempting  to  answer 
this  question,  it  must  be  remembered  that  such  products 
may  accidentally  become  j)laced  in  direct  communication 
with  the  vascular  or  lymphatic  systems  ;  and  also  that 
infective  substances  are  much  more  liable  to  produce 
results  in  some  constitutions  and  in  some  conditions  than 
in  others.  It  is  also  possible  that  the  infective  properties 
of  an  inflammatory  product  may  be  determined  by 
atmosphei-ic  influence  or  by  the  presence  of  minute 
organisms.    (See  "  SepticEemia.") 

Whilst  acute  tuberculosis  is  thus  an  infective  disease, 
it  is  an  infective  disease  of  a  special  kind.  In  the  first 
place,  the  infective  substances  derived  from  the  infective 
focus — which  are  probably  minute  particles — not  only 
exercise  their  injurious  influence  over  areas  of  tissue 
which  are  for  the  most  part  exceedingly  small  (hence 
the  miliary  character  of  the  lesions),  but  the  injury  they 
inflict  is  of  comparatively  slight  severity.  The  jDrincipal 
result  of  their  dissemination  is  consequently  to  cause  a 
textural  change — a  new  growth  of  tissxre  at  the  seat  of  the 
injury.  (See  "  Chronic  Inflammations.")  In  this  respect 
this  disease  presents  a  marked  contrast  to  one  with  which 
it  is  closely  allied — pya)mia,  in  which  the  severity  of  the 
injury  produced  by  the  infective  particles  is  much  greater, 
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and  gives  rise  to  the  formation  of  abscesses.  (See 
"Pytemia.")  In  pyasmia  tire  intensity  of  tlie  dissemi- 
nated iniiammatory  processes  is  considcralile,  and  the 
course  of  the  disease  is  usually  acute,  whilst  m  acute 
tuberculosis  the  iniiammatory  processes  are  much  less 
severe,  and  the  disease  tends  to  run  a  more  chronic 
course. 

Histology  of  Tubercle.— The  miliary  lesions  in  acute 
tuberculosis,  although  presenting  certain  difierences  ac- 
cording to  their  age,  and  to  the  nature  of  the  tissue  m 
which  they  originate,  are  tolerably  uniform  in  their  histo- 
logical characters.  Their  most  marked  feature  is  the 
prominent  place  which  large  multinucleated  masses  of 
protoplasm— the  so-called  giant  cehs— occupies  in  their 
constitution.  These  large  cells,  which  somewhat  resemble 
the  myeloid  cells  met  with  in  sarcomatous  tumours,  &c., 
were  long  ago  alluded  to  by  Yirchow,  Wagner,  and 
others,  but  it  is  only  during  tecent  years,  mainly  owing 
to  the  researches  of  Oscar  Schiippel  and  Langhans,  that 
they  have  come  to  occupy  a  prominent  place  m  the 
histology  of  tubercle. 

The  most  characteristic  features  of  these  multinucleated 
cells  are  their  large  size,  the  number  of  their  nuclei,  and 
the  irregularity  of  their  outline.  Some  of  the  larger  ones 
measure  as  much  as  ^tto  i^^h  in  diameter.  They  possess 
no  limiting  membrane,  but  are  simple  masses  of  proto- 
plasm, containing  numerous  round  or  roundly-oval 
nuclei,  each  enclosing  a  bright  nucleolus.  (Figs.  7<  ,  7b, 
and  79.)  As  many  as  forty  nuclei  may  occasionally  be 
counted  in  a  single  cell.  Some  of  them  are  much  smaller, 
and  contain  only  three  or  four  nuclei.  Four  or  five,  or 
even  more,  of  these  multinucleated  masses  are  sometimes 
found  in  a  single  tuberculous  nodule.  Many  of  these 
large  cells  possess  long  branched  processes,  in  connexion 
with  which,  and  evidently  originating  from  them,  arc 
smaller  protoplasmic  masses,  also  nucleated  and  branched. 
(See  Figs.  78  and  79.)  The  meshes  between  the  branched 
cells  are,  according  to  Schuppel,  filled  with  epithelial-like 
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Fig.  77. 


A  Mnltimicleated  Cell  from  the  Lung  in  a  Case  of  Chronic 
Phthisis. — Showing  the  large  number  of  nuclei  with  bright 
nucleoli,    x  40U. 


Fig.  78. 


A  Miillimirhdtpd  CM  from  t/ic  Liui;;  in  a  Cnse  of  Clironir 
J'hthisii. — Sliowiiig  tlie  long  Ijrannliod  procesKtis,  wliicli 
art!  continuous  with  the  reticulum  of  the  surroundiuo- 
indurati;d  growtli.  Some  of  the  processes  are  in  con- 
nexion witii  smaller  nucleated  elements,    x  20O. 
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elements.  These  elements  I  have  failed  to  observe,  and 
the  meshes  I  have  either  fonnd  empty,  or  containing  a 
few  lymphoid  cells.  (Fig.  79.)  It  would  thus  appear 
that  the  original  protoplasmic  mass  gives  origin  to  a  net- 
work of  large  branched  cells. 

Fig.  79. 


MuHlnudcnfedaiHl  Branched  CM^froma  jirm  Greii  ililkirn 
Tubercle  of  the  Lung  in  a  Cnnc  of  Acute  Tuberculosis.— ^\Ae 
meshes  are  seen  in  the  immediate  vioiuity  (if  the  cells  en- 
closing a  few  lymphoid  elements.  The  branched  processes 
are  directly  continuous  with  the  adeuoid  reticulum  of  the 
tubercle,    x  200. 

With  regard  to  the  histological  elements  from  which 
the  giant  cells  originate— tliis  varies.  In  the  hiug,  Dr. 
Klein  states  that  they  are  derived  from  the  alveolar 
epithelium.  They  may  also  probably  originate  from  the 
cells  of  connective  tissue,  and  from  the  endothelium  of 
the  blood-vessels  and  lymphatics.  Their  formation  takes 
place  either  by  the  fusion  of  two  or  more  cells,  or  by  the 
excessive  development  of  one  cell.  In  the  latter  case,  the 
cell  increases  in  size  and  its  nuclei  multiply,  but  here  the 
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process  of  development  ceases— there  is  bo  siibsequent 
division  of  the  cell. 

Associated  with,  and  surrounding  the  giant  cell  and 
its  branches,  is  a  small-celled  adenoid-like  structure. 
(Fig.  79.)  This  small-celled  structure,  which  usually  con- 
tributes largely  to  the  formation  of  the  tubercle,  some- 
what resembles  that  of  an  indurated  lymphatic  gland, 
which  is  commonly  known  as  adenoid  tissue.  A  similar 
structure,  as  has  already  been  stated,  is  also  met  with  in 
chronic  inflammations  of  the  liver,  lungs,  and  other  organs. 
(See  '•  Chronic  Inflammations.")  It  consists,  in  the  main, 
of  lymphoid  cells,  which  are  either  separated  from  one 
anotlier  by  fine  bands  of  homogeneous  transparent-looking 
material,  or  by  a  more  or  less  distinctly  fibrillated,  and 
sometimes  nucleated  reticulum,  within  the  meshes  of 
which  the  cells  are  grouped.    (Fig.  80.)    This  reticulum 

Fig.  80. 


yt  portion  of  a  Grey  Miliary  Tubercle  of  the  Lung.— 
Showing  tlie  adenoid-like  structure  met  witli  in 
large  portions  of  these  nodules,    x  200. 

is  sometimes  dense  and  well  marked,  whilst  in  other  cases 
it  is  much  less  prominent.  In  addition  to  the  small 
lymphoid  cells  there  are  often  seen  some  rather  larger 
cells  containing  one,  and,  in  some  cases,  two  nuclei.  (See 
"  Scrofulous  Inflammation,"  Fig.  76.) 

An  elementary  tubercle  thus  consists  of  a  giant-cell 
reticulum  surrounded  by,  and  in  direct  histological  con- 
tinuity with,  a  varying  sized  zone  of  small-ceiled  tissue. 
This  is  well  shown  in  Fig.  79.  (See  also  Fig.  83.)  The 
larger  tuberculous  nodules  consist  of  several  of  these 
giant-cell  systems.    (See  Fig.  89.) 

Although  the  above  characters  of  tubercle  are  to  be 
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observed  in  successful  preparations  and  in  certain  stages 
of  the  tuberculous  growth,  many  of  them  will  often  be 
found  wanting.  The  nuclei  and  processes  of  the  giant 
cells  will  not  "always  be  seen,  and  the  cells  often  appear 
simply  as  yellowish,  somewhat  granular  masses  in  which 
neither  nuclei  nor  processes  are  visible.  In  this  imperfect 
state  they  are  to  be  found  in  tuberculous  nodules  from 
all  organs  in  which  tubercle  is  met  with. 

It  remains  to  speak  of  the  blood-vessels  of  tubercle. 
The  vessels  of  the  tissue  in  which  the  nodule  origmates 
gradually  become  obliterated  in  the  process  of  its  growth, 
and  there  is  no  new  formation  of  vessels,  such  as  takes 
place  in  more  highly  developed  inflammatory  tissue. 
(See  "Inflammation  of  Common  Connective  Tissue."") 
The  tubercle  is  therefore,  except  in  the  earliest  stages  of 
its  development,  non-vascular.  (See  "  Scrofulous  Inflam- 
mation."') J  •  .  1 

Although  the  structure  which  has  been  described  is  that 
most  commonly  met  with,  it  must  be  borne  in  mind  that 
all  tuberculous  lesions  are  not  thus  constituted.  "\A  hen 
treating  of  the  changes  in  the  several  organs,  it  will  be 
seen  that  the  precise  histological  constitution  of  the  no- 
dules varies  somewhat,  according  to  the  characters  of  the 
tissue  in  which  they  originate.  In  the  lung,  for  example, 
many  of  them  consist  largely  of  accumulations  ot 
epithelial  cells  v/ithin  the  pulmonary  alveoli. 

Secondary  C/ux^f/es.— Tubercle  invariably  undergoes 
more  or  less  retrograde  metamorphosis,  although  the 
extent  of  this  varies 'considerably,  and  in  some  cases  the 
nodules  may  become  developed  into  an  imperfect  fibroid 
structure  The  occurrence  of  retrograde  metamorphosis 
is  mainly  owing  to  the  obliteration  of  the  blood-vessels 
which  accompanies  the  growth  of  the  lesions.  Tlie 
change  commences  iu  the  centre  of  the  nodule,  this  being 
the  part  first  developed,  and  consequently  that  which  is 
the  furthest  removed  from  vascular  supply.  The  nodule 
breaks  down  into  a  granular  fatty  debris,  so  that  its 
central  portions    soon   become    opaque  and  yellowish. 


Oueoj  the  Gn-yArodu/e.^from 
ij'f  /^ung  in  a  Case  of  Acute 
inhere idosis.  which  is  becomiin, 
omm-  and  soft  in  the  centre 
(JJwgranimatic  " 
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iS^ii-I  P™'^'^^  of  cKsinte^ration  is 

most  marked  m  the  laro-er  - 

and   more   diffused  lesions, 

and  hence  it  is  these  lesions 

which  are  most  commonly  of 

a  yellow  colour  and  soft  con- 
.sistence  ("yellow  tubercle"). 
In  other  cases  the  retrograde 
change  is  less  marked,  the 
reticulum  of  the  nodule 
becomes  denser  and  more 
fil)roid,  and  although  the  im- 
perfect fibroid  tissue  usually 
ultimately  undergoes  in  its 

nodule  metamorphosis  the 

nodule  may  remam  as  a  fii^m  fibroid  mass  *  Tin,, 
more  especially  in  the  smaller  les  o.^   Th.     .  T""' 
-Pidity  of  the  retrograde  cLnge  "depend  ftl^'^' 
par  y  upon  the  intensity  of  the^.fecC  pJeess  Tnd 
I^aitly  upon  constitutional  conditions     Th.  «  ! 

goes  the  most  r-inid       ^'""'"^"^^  *'^at  tubercle  under- 
?  c  moat  lapid  degeneration.     (See  "  i 

Inflammation  "1    'Vh^^a  X  •„  ^  ocrolulous 

intense  the  process  the  greater  is  thl  f  ^ 
degeneration  and  softening  of  the  o  it L 
and  more  chronic  the  mn^o  r  ^^^^  less  intense 

to  become  fibi^kL  '  '^'^        """-^T  ie^ions 

be  made  t^h^^t^    n^-    ^  HrlT^^^'f"-^- 

tuberculous  processes 
*  nr.  Klein  statos  «or'   wTTThZTTT^i  " 
'  n'l<Tgo  a  fibroid  f™,sf  nSio  ,    n    f  '"u'tmucloatec]  o,.lls 

;  ;;"sofeUworkof  i^brilla;  to'^,^  convert.,!  into  a 

."id  becomes  ca.seoii.s.  '  gi-adually  dies  away 
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are  confined  to  a  single  organ.  This  limited  tuberculosis 
differs  from  the  more  general  one  only  in  the  extent  of 
the  distribution  of  the  infective  materials.  The  miliary 
lesions  originate  from  some  retrograde  iuiiammatory  pro- 
duct situated  usually  in  the  same  organ  as  that  in  which 
they  occur,  and  their  limitation  is  probably  owing  to  the 
infective  substances  being  disseminated  by  the  lymphatics 
and  serous  canals  and  not  by  the  blood-vessels.  This 
will  be  again  referred  to  in  the  chapter  on  '•  Pulmonary 
Phthisis,"  and  also  in  the  following  description  of  the 
tuberculous  process  as  it  occurs  in  the  several  organs  and 
tissues. 

Conclusions.— Having  thus  described  the  histological 
characters  of  tuberculous  lesions,  at  remains  to  consider 
the  relation  which  subsists  between  these  lesions  and  the 
products  of  uon-tuberculous  inflammations.  The  tuber- 
culous lesions  being  inflammatory  growths— the  result  of 
the  injurious  influence  of  infective  particles  upon  the 
small  areas  of  tissue  with  which  they  come  into  contact- 
why  do  they  difler  from  the  tissue  changes  which 
accompany  the  ordinary  less  intense  forms  of  inflamma- 
tion ?  The  answer  to  this  question  is  at  present  far  from 
satisfactory. 

It  must  be  admitted  that  constitutional  conditions 
influence  considerably  the  occurrence  and  character  of 
tuberculosis.  Tuberculous  processes  occur,  for  the  most 
part,  in  the  scrofulous,  and  the  products  of  some 
scrofulous  inflammation  are  the  most  frequent  infective 
agents.  Constitutional  conditions  may  probably  thus  so 
niodify  an  inflammatory  process  as  to  give  to  its  products 
infective  properties.  It  must,  I  think,  also  be  regarded 
as  probable  that  conditions  of  the  constitution  may 
influence  the  efl'ect  produced  by  the  dissemination  of  the 
infective  particles,  and  that  those  particles,  whether 
derived  from  a  caseous  or  nou-caseous  focus,  may  in 
certain  conditions  of  the  constitution  give  rise  to  tuber- 
culous processes,  whilst  in  others  their  dissemination  is 
unattended  by  change. 
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The  histological  peculiarities  of  the  tuberculous  lesious 
appear  also  to  depend  mainly  upon  constitutional  condi- 
tions.   The  influence  of  scrofula  upon  the  histological 
changes  which  accompany  inflammation  has  already  been 
seen,  and  from  the  close  histological  relationship  which 
subsists  between  the  disseminated  nodules  met  with  in 
tuberculosis  and  the  more  diffused  lesions  produced  by 
primary  mliammation  in  scrofulous  subjects,  and  also 
from  the  fact  that  it  is  in  the  scrofulous  that  tuberculosis 
most  frequently  occurs,  we  may,  I  think,  assume  that  the 
characters  of  tuberculous  lesions  also  are  dependent  upon 
a  constitutional  state. 

_  In  both  scrofulous  inflammation  and  tuberculosis  there 
IS  a  tendency  to  the  development  of  large  cell-forms  and 
to  the  formation  of  a  lowly  organised  and  non-vascularised 
structure  which  soon  undergoes   retrograde  changes. 
These  characters  of  the  inflammatory  new  growth  appear 
to  me  to  be  probably  due  to  the  inflammatory  process 
occurrmg  m  tissues  of  such  low  vitality  that  the  cellular 
inflammatory  products   are   incapable  of  forming  an 
organised  vascular  tissue,   but  merely  undergo  some 
increase  m  size  and  then  tend  to  slowly  degenerate.  The 
protoplasm  grows,  the  nuclei  multiply,  but  the  hio-her  " 
manifestation  of  vitality-the  subsequent  division  of^h 
protoplasmic  mass-does  not  take  place,  and  thus  are 
produced  the  giant  cells. 

TUBEllCULOSIS  OF  THE  PU  MATEK. 

In  the  pia  mater  the  tuberculous  process  is  associated 
with  inflammation  of  the  meninges,  constituting  the  con- 
dition known  as  tuhercular  meninr/itis.  This  is  almost 
invariably  a  part  of  a  general  tuberculosis 

The  process  is  almost  exclusively  confined  to  the  wia 

nodulcs-which  may  easily  escape  observation-are  seen 
n.  connection  with  the  small  arteries  in  the  Sylvian 
fissures,  and  deeply  seated  between  the  convolution!  A 
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few  scattered  .crvanulations  are,  however,  frequently  visible 
on  the  upper  surface  of  the  hemispheres.  The  inflamma- 
tory growth  originates  in  the  perivascular  lymphatic 
sheaths  which  enclose  the  small  arteries  of  the  pia  mater. 
(Fig.Sii.)    The  cells  of  the  sheath  multiply,  and  the  pro- 

FiG.  82. 


MiVani  Tiiherde  in  the  Pia  Mati-r.—The  dotted  line  indicates 
tlie  origin.al  size  of  the  tubercular  uodule.  A.  Tlie  lymphatic 
sheath.  V.  The  hlood-vessel.  F.  Proliferation  of  elements 
within  the  sheath,     x  lUU.    (Coruil  aud  Kauvier.) 

cess  of  proliferation  commencing  at  separate  centres, 
numerous  small  grey  nodules  are  produced  around  the 
vessel.  These,  which  are  distinctly  visible  to  the  nalced 
eye,  canse  an  external  bulging  of  the  sheath,  and  a  dimi- 
nution in  the  calibre,  or  even  complete  obliteration,  of  the 
enclosed  vessel. 

The  localised  obstructions  to  the  circulation  which  re- 
sult from  the  pressure  of  the  perivascular  nodules  canse 
intense  hyiDerasmia  of  the  collateral  vessels,  and  thus  the 
pia  mater  at  the  base  of  the  brain  becomes  exceedingly 
vascular,  there  being  in  some  cases  rupture  of  the  vessels 
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and  extravasation.  This  is  followed  by  a  more  general 
inflammatory  process— a  true  basic  meningitis.  A  transu- 
dation of  the  liquor  sanguinis  takes  place  from  the 
hyperasmic  and  injured  vessels,  blood-corpuscles  escape, 
and  thus  the  meshes  of  the  pia  mater  become  infiltrated 
with  a  sero-fibrinous,  and  often  purulent  liquid. 

The  changes  in  the  pia  mater  at  the  base  of  the  brain 
are  attended  by  softening  of  the  immediately  subjacent 
cerebral  substance,  which  becomes  infiltrated  with  young 
cells.  The  lateral  ventricles  at  the  same  time  become 
distended  with  serum  (acute  hydrocephalus),  so  that  the 
convolutions  on  the  surface  of  the  hemispheres  are  seen 
to  be  much  flattened.  The  ependyma  and  choroid  plexus 
also  become  exceedingly  vascular,  and  the  walls  of  the 
ventricles,  together  with  the  fornix  and  soft  commissure 
become  much  softened.  All  of  these  changes  are  owing,' 
partly  to  an  inflammatory  process,  and  partly  to  the 
mechanical  obstruction  to  the  circulation  caused  by  the 
tuberculous  growth.  In  addition,  the  arachnoid  membrane 
IS  dry  and  sticky. 

TuBERcuLoas  Masses  in  the  Brain.— Li  addition  to  the 
mdiary  lesions  occurring  in  the  pia  mater  in  tubercular 
menmgitis,  large  tuberculous  masses  are  occasionally  met 
with  m  the  bram  unassociated  with  a  general  tuberculous 
process.    These  masses,  which  vary  in  size  from  a  hazel- 
nut to  a  hen's  egg,  commonly  occur  in  the  cerebral  sub- 
stance, especially  at  the  base  of  the  brain.    They  are  of 
a  pale  yellow  colour  and  firm  consistence,  and  usually 
form  quite  round  globular  tumours.  Their  surface  is  often 
seen  to  be  covered  with  minute  grey  nodules,  which  extend 
into  the  surrounding  tissue;  and  on  section,  similar  nodules 
are  sometimes  visible,  scattered  through  the  substance  of 
the  tumour     In  most  cases  only  one  or  two  such  masses 
arc  found,  but  occasionally  they  are  more  numerous.  Thev 
occur  especially  in  childhood,  and  usually  m  children  in 
whom  there  is  a  general  tendency  to  caseation  of  inflam- 
matory produ.;ts  ("scrofulous"  children).     When  ex 
amincd  microscopically  they  are  found  to  be  made  up  of 
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an  adenoid  structure  and  lai-ge  branched  ceils,  sucli  as 
has  been  ali-eady  described  as  so  characteristic  of  tuber- 
culous lesions.  This  structure — which  is  best  seen  in  the 
peripheral  portions  of  the  tumour — is  often  concentrically- 
arranged  around  blood-vessels,  and  is  found  undergoing 
in  different  parts  fibrous  and  caseous  metamorphosis. 

Respecting  the  nature  of  these  masses  and  the  -way  in 
which  they  originate,  it  is  difficult  to  speak  with  cer- 
tainty. From  the  fact  that  miliary  nodules  are  so  often  to 
be  seen  on  their  surface  and  extending  into  the  siarround- 
ing  tissue,  it  is  supposed  that  they  originate  by  the  aggre- 
gation of  such  nodules — that  the  primary  nodule  con- 
stitutes an  infective  focus,  and  so  causes  a  succession  of 
growths  in  its  immediate  vicinity.  This  hypothesis  is  pro- 
bably correct.  Occasionally  the  tuberculous  mass  causes 
a  more  general  infection,  and  so  gives  rise  to  tubercular 
meningitis  or  to  a  general  tuberculosis. 

TUBERCULOSIS  OF  LYMPHATIC  GLANDS. 

In  the  lymphatic  glands,  tuberculous  processes  give 
rise,  in  the  first  place,  to  changes  in  the  peripheral  por- 

FiG.  83. 


Tuberculosis  of  a  Zymphntic  Gland. — The  earliest  stage 
of  the  process,  showiug  tho  giaut  coll.    x  200. 

tions  of  the  gland,  inasmuch  as  it  is  with  these  that  the 
infective  materials  which  are  conveyed  by  the  lymphatic 
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vessels  first  come  into  contact.  The  active  changes  in  tlie 
gland  begin  with  the  formation  of  a  large  mnltinucleated 
branched  cell.  (Fig.  83.)  In  the  earlier  stage  of  the 
process  small  grey  nodules  are  visible  scattered  through 
the  cortex.  These  gradually  increase  in  size  and  become 
caseous.  The  gland  then  becomes  enlarged,  the  distinc- 
tion between  its  medullary  and  cortical  jDortions  becomes 
lost,  and  it  becomes  changed  to  a  greyish  homogeneous 
mass,  in  which  are  varying  sized  tracts  of  caseous  ma- 
terial. The  new  growth  very  frequently  undergoes  a 
marked  fibroid  development,  so  that  the  caseous  masses 
are  surrounded  by  a  dense  fibroid  structure.  The  caseous 
portions  of  the  gland  may  subsequently  soften,  dry  up, 
or  calcify. 

TUBERCDLOSIS  OF  MUCOUS  MEMBEANES. 

In  mucous  membranes  the  development  of  tuberculous 
nodules  is  usually  secondary  to  some  primary  inflamma- 
tory process  which  leads  to  ulceration  of  the  membrane. 
The  intestinal,  the  urino-genital,  and  the  respiratory 
mucous  membranes  may  all  be  the  seats  of  a  tuberculous 
growth. 

The  Intestine.— In  the  intestine  the  occurrence  of  true 
tuberculous  processes  appears  to  be  almost  invariably 
preceded  by  primary  inflammatory  changes  in  the  intes- 
tmal^  lymphatic  structures.  These  changes  have  their 
seat  in  the  solitary  and  Peyer's  glands,  and,  as  in  typhoid 
fever,  it  is  especially  these  structures  in  the  lower  part 
of  the  small  intestine  and  in  the  cascum  which  are 
affected. 

The  first  stage  of  the  process  consists  in  an  inflamma- 
tory hyperplasia  of  the  lymphatic  elements.  In  Peyer's 
patches  this  hyperplasia  usually  affects  isolated  follicles 
in  the  patch.  The  solitary  glands  and  certain  follicles  in 
the  patches  thus  become  swollen,  and  project  with  undue 
prominence  above  the  surface  of  the  membrane.  The 
newly  formed  elements  then  undergo  retrogressive 
changes— they  soften,  the  degeneration  in  the  patches 
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commencing  at  several  separate  centres,  and  often  ex- 
tending until  the  whole  patch  hecomes  destroyed.  As 
the  res  alt  of  these  primary  inflammatory  changes  an 
ulcerated  surface  is  pi-odnced,  the  floor  aiid  edges  of 
which  are  more  or  less  thickened,  owing  to  the  extension 
of  the  inflammatory  infiltration  into  the  submucous  con- 
nective-tissue. This  is  a  simple  nicer,  and  its  production, 
so  far,  is  quite  independent  of  a  tnberculuus  process. 

What  must  be  regarded  as  a  tuberculous  change  occurs 
subsequently  to  the  primaiy  ulceration,  and  it  consists  in 
the  development  of  small  nodules  of  new  growth  in  the 
floor  of  the  primary  ulcer.  The  development  of  these 
nodules  appears  to  take  place  principally  ai'ound  the 
blood-vessels,  and  as  these  are  arranged  transversely 
around  the  intestine,  the  new  growth  proceeds  in  the 
same  direction.    These  secondary  nodules  of  new  growth, 

Fig.  84. 

A  Taberculnr  Ulcer  of  the  Intestine.  (Diagrammatic.) 
a.  Epithelial  lining.       b.  Submucous  tissue, 
c.  Muscular  coat.  d.  Peritoneum. 

like  the  primary  inflammatory  product,  soften  and  be- 
come caseous,  and  thus  the  process  of  ulceration  gradu- 
ally extends  transversely  until  the  whole  circumference 
of  the  gut  may  be  destroyed.  The  ulcer  thus  produced 
presents  a  strong  contrast  to  that  of  typhoid.  Its  edges 
and  base  are  thickened  and  indurated,  and  the  tuber- 
culous nodules,  tending  to  become  caseous,  are  seen 
scattered  in  its  floor.    (Fig.  84.) 

The  tubercular  ulcer  rarely,  if  ever,  heals.  Owing  to 
the  thickening  of  the  tissues  at  its  base,  perforation  is 
quite  an  exceptional  occurrence.  In  the  process  of  its 
extension  the  ulceration  is  attended  by  some  contraction 
and  narrowing  of  the  gut. 
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TUBERCULOSIS  OF  THE  LUNGS. 

Tuberculous  processes  occur  in  the  lungs  a-^  a  part  of 
a  general  tuberculosis,  and  also  iu  many  cases  of  pul- 
monary phthisis.  The  nature  of  the  resulting  inflam- 
matory lesions  is  similar  in  both.  It  will  be  well,  how- 
ever, in  the  present  place,  more  j^articularl}'-  to  describe 
these  lesions  as  they  occur  in  the  general  infective  dis- 
ease. The  moi-e  limited  processes  which  take  place  in 
phthisis  will  be  again  referred  to  in  a  subsequent 
chapter  devoted  to  the  consideration  of  this  affection. 
(See  "  Pulmonary  Phthisis.") 

The  pulmonary  lesions  met  with  in  general  tuberculosis 
consist,  for  the  most  part,  of  disseminated  nodular 
growths,  which  are  universally  known  as  miliary  tuber- 
cles. These  growths  are  of  two  kinds — the  grey  and 
the  yelloiu.  The  grey  are  semi-transparent  nodules  of  a 
greyish- white  colour,  varying  in  size  from  a  small  pin's 
head  to  a  hemp-seed.  They  are  somewhat  spherical  in 
shape,  and  usually  possess  a  well-defined  outline.  Some- 
times they  are  firm,  and  almost  cartilaginous  in  consis- 
tence ;  whilst  in  other  cases  they  are  much  softer  and 
almost  gelatinous.  These  softer  forms,  instead  of  being 
semi-transparent,  are  more  opaque  and  white.  The  yellow 
are,  for  the  most  part,  larger  than  the  preceding,  many  of 
of  them  much  so,  some  being  as  large  as  a  pea.  They  are 
also  softer  in  consistence,  less  defined  and  regular  in  out- 
line, and  they  pass  more  insensibly  into  the  surrounding 
tissue.  Many  of  them  possess  a  greyish-white  translu- 
cent margin,  which  may  be  pretty  firm  in  consistence, 
but  never  so  hard  as  are  many  of  the  grey  nodules, 
whilst  their  central  portions  are  opaque,  yellowish,  or 
caseous. 

Both  the  grey  and  the  yellow  nodules  are  often  found 
associated  in  the  same  lung ;  iu  other  cases  the  grey 
nodules  only  are  met  with  ;  whilst,  less  frequently,  nearly 
all  the  grov/ths  are  of  the  yellow  variety.  The  condition 
of  the  pulmonary  tissue  which  is  situated  between  the 
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nodules  varies  consideraLly.  It  may  be  perfectly  normal, 
more  or  less  congested  and  oodematous,  or  it  may  present 
varying  sized  tracts  of  greyish,  granular,  friable  consoli- 
dation. A  perfectly  normal  condition  of  the  intervening 
pulmonary  tissue  is  found  in  many  of  those  cases  in 
which  all  the  growths  are  of  the  firm,  grey  variety  ;  but 
when  there  are  numerous  yellow  or  soft  grey  nodules 
the  lungs  are  nearly  always  more  or  less  congested  or 
consolidated. 

When  these  nodules  are  examined  microscoiDically  they 
are  seen  to  exhibit  two  different  kinds  of  structure — viz., 
tlie  adenoid  structure  with  branched  multinucleated  cells, 
which  has  been  already  described  as  that  which  is  the 
most  characteristic  of  tuberculous  lesions,  and  accumu- 
lations of  epithelial  cells  within  the  pulmonary  alveoli 
(catarrhal  pneumonia).  There  is,  however,  this  marked 
difference  between  the  various  kinds  of  nodules— that 
whereas  the  smaller  firm  grey  ones  are  constituted 
almost  entirely  of  the  first-named  structure,  the  larger 
soft  grey,  and  most  of  the  yellow  ones,  consist  largely  of 
the  iutra-alveolar  accumulations. 

Firstly,  with  regard  to  the  soft  grey  and  yellow  nodules. 
Most  of  these  when  examined  with  a  low  magnifying 
power  present  the  appearance  represented  in  Fig.  85,  the 
nodules  evidently  consisting  largely  of  accumulations 
within  the  alveolar  cavities.  When  more  highly  magni- 
fied their  constitution  becomes  more  apparent.  It  is 
then  seen  that  the  alveolar  cavities  are  filled  with  epithe- 
lial elements  and  small  cells  resembling  leucocytes,  whilst 
the  alveolar  walls  are  more  or  less  extensively  infiltrated 
and  thickened  with  lymphoid  cells.  (Fig.  86.)  In  many 
cases  the  central  portions  of  the  nodules  will  be  seen  to 
have  undergone  extensive  degenerative  changes,  and  to 
consist  merely  of  a  structureless  granular  debris,  so  that 
the  accumulations  withiu  the  alveoli  and  the  cellular 
infiltration  of  the  alveolar  walls  are  only  visible  at  their 
periphery.  This  is  always  the  case  iu  the  distinctly 
yellow  tubercles.    (Fig.  87.) 
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Fig.  85. 


A  small  soft  Grey  Tubercle  from  the  Lung  in  a  Case  of  Acute 
Tuberculosis.— The  whole  of  the  tubercle  is  shown  in  the 
drawing,  iiud  it  is  obviously  constituted  largely  of  inira- 
alveolar  products,    x  100,  reduced  to  J. 


Fig.  86. 


A  portion  of  a  small  soft  Clreij  TuhercU  from  the  Luvr/.— This 
is  fi-om  a  case  of  acute  tuberculosis,  probably  in  aii'  earlier 
stage  than  that  from  which  Tig.  85  was  drawu.  The  figure 
shows  one  of  the  alveoli  filled  with  epithelial  elements' and 
a  few  small  cells,  with  some  cellular  infiltration  of  the 
alveolar  wall,    x  200. 
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The  histological  characters  of  the  firmer  grey  nodules 
differ  somewhat  from  the  preceding.  lu  these  the  cellu- 
lar infiltration  and  thickening  oi  the  alveolar  wall  is 
much  more  marked,  and  many  of  the  alveolar  cavities 

Fig.  87. 
o 


A  portion  of  a  Yellow  Tubercle  from  ilie  Lnvg  in  a 
Case  of  Acute  TuberculosU. — Showing  the  degeneration 
of  the  central  portions  of  the  nodule  c,  and  the  cellular 
thickening  of  the  alveolar  walls  and  accumulations 
within  the  alveolar  cavities  at  the  peripherj-ji).  x  100. 

are  occupied  by  giant  cells,  these  probably  originating,  as 
described  by  Dr.  Klein,  from  the  alveolar  epithelium.* 


*  These  large  multinucleated  cells  are  stated  by  Dr.  Klein 
(loc.  cit )  to  originate  eitlier  by  the  fusion  of  the  alveolar  epitlie- 
lium,  or  by  the  excessive  development  of  one  e]iitlielial  cell.  Since 
the  publication  of  Dr.  Klidn's  statement  I  have  frequently  observed 
tlieso  cells  situated  distiuctly  in  the  alveolar  cavities,  and  I  have 
little  doubt  they  originate  iu  the  way  he  describes. 
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(Fig.  88.)  In  othei-  cases,  the  alveolar  structure  has  com- 
pletely disappeared,  and  the  tubercle,  when  exammed 
with  a  low  magnifying  power,  appears  as  a  little  somewhat 
spheroidal  mass,  the  cellular  elements  of  which  are  seen 
to  be  grouped  around  separate  centres.  (Fig.  89.)  When 
more  highly  magnified,  these  centres  are  seen  to  corre  - 


Fig.  88. 


A  portion  of  the  more  external  part  of  a  Gi-eij  Tubercle 
from  the  Lung  in  a  case  of  Acute  Tuberculosis. — Showing 
the  extensive  infiltration  and  thickening  of  the  alveolar 
walls,  and  the  giant  cells  within  the  alveolar  cavities 
X  lOO. 

spond  with  the  large  multinucleated  branched  cells  already 
described,  and  the  small-celled  structure  grouped  around 
them,  as  is  well  shown  in  Fig.  79.  This  is  a  fully  deve- 
loped tubercle  of  the  lung.  The  small-celled  structure  at 
the  peripheral  portions  of  the  nodules  extends  into  and 
produces  a  thickening  of  the  walls  of  the  alveoli  with 
which  the  nodule  is  incorporated.  (Fig.  90.)  In  the  tuber- 
cles thus  constituted,  extensive  retrogressive  changes 
rarely  occur.  Degeneration  is  slow  and  very  incomplete, 
and  the  nodule  often  becomes  imperfectly  fibroid. 

Respecting  the  cause  of  these  differences  in  the  histolo- 
gical characters  of  the  miliary  lesions  in  the  lungs— I 
believe  them  to  depend  upon  differences  in  the  age  of  the 
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nodules,  and  in  tlie  intensity  of  the  tubercnlous  process.* 
If  ttie  intensity  of  tlie  process  be  considerable,  tbe  nodules 
will  consist  in  the  main  of  accumulations  of  epithelium 

Fig.  89. 


A  firm,  Grey  Tubercle  frmn  the  Lung  in  a  case  of  Acute 
Tuberculosis, — Showing  the  groupiDg  of  the  elements 
around  separate  centres,  the  nodule  consisting  of 
several  giaut-cell  systems,    x  33. 

within  the  pulmonary  alveoli,  and  the  nodule  will  rapidly 
undergo  disintegration.  (See  Fig.  87.)  If  the  process  be 
less  intense,  and  the  nodules  attain  a  more  advanced  age, 
degeneration  will  be  less  rapid  and  complete,  the  cellular 
infiltration  and  thickening  of  the  alveolar  walls  will  be 
greater,  and  the  epithelial  elements  may  form  large  mul- 
tinucleated cells.   (See  Fig.  88  )    Lastly,  in  the  least 


*  Intensity  comprises  two  factoi-s — severity  of  injury  and  sus- 
ceptibility of  injured  tissue.  In  scrofula,  for  example,  the  suscep- 
tibility of  the  tissue  is  great,  and  the  intensity  of  tuberculous 
processes  is  often  considerable.    (See  "  Inflammatiou.") 
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intense  and  most  chronic  processes,  the  development  of 
mnltinucleated  elements  and  the  formation  of  the  net- 
work of  branched  cells  reaches  its  maximum  (see  Figs.  79 
and  89),  degeneration  takes  place  slowly  in  the  central 
portions  ol  the  nodule,  and  there  is  often  considerable 
iibroid  induration  of  the  new  tissue.    There  is  thus  a 


Fig.  90. 


A  small  portio7i  or'  the  most  external  part  of  a  firm  Crey 
Tubercle  from  the  Limn  in.  a  case  of  Acute  Tuberculosis  — 
Showing  the  incorporation  of  the  nodule  with  the  alveolar 
wall  a.    X  270. 


close  analogy  between  the  tissue  changes  resulting  from 
tuberculosis  of  the  lungs  and  those  which  result  from  other 
inflammatory  processes.  (See  "  Chronic  Inflammations.") 
The  degeneration  of  the  lesions  is  mainly  owing  to  the 
interference  with  their  vascular  suppjy,  caused  by  the 
pressure  exercised  upon  the  blood-vessels  by  the  intra- 
alveolar  accumulations,  and  the  obliteration  of  the  vessels 
by  the  cellular  infiltration  of  the  alveolar  walls.* 


"The°pJ^tt??,Wv"nTp'r""""°'r?^  P"lmonary  Tuberculoses  soo  ' 
1878       ''"'"'""^  °^  Pnlmouary  Oonsumption."    By  the  Author, 


CHAPTER  XXXII. 

PYEMIA  AND  SEPTICiEMIA. 

The  diseases  known  as  PyEemia  and  SepticEemia  result 
from  the  absorption  and  dissemination  of  septic  sub- 
stances, derived  usually  from  the  products  of  some  acute 
inflammation.  They  are  very  closely  allied,  and  very 
frequently  associated.  Septicasmia,  however,  is  a  some- 
what more  simple  process,  and  it  will  therefore  be  con- 
sidered first.* 

SEPTICEMIA. 

Ey  Septicemia  is  generally  understood  those  forms  of 
septic  poisoning  which  are  unaccompanied  by  the 
development  of  secondary  centres  of  inflammation  or 
suppuration. 

When  a  person  receives  an  external  injury  sufficient  to 
produce  a  wound  of  considerable  extent,  the  resulting 
inflammatory  process  is  usually  followed  by  a  general 
disorder  of  the  vital  functions,  the  most  prominent 
symptom  of  which  is  pyrexia.  This  pyrexial  state,  which 
„-  so  commonly  occurs  after  surgical  operations  and  other 
extensive  local  injuries,  is  what  is  usually  known  as  ira  it- 
mat  ic  or  surgical  fever.    Respecting  the  cause  of  this 


*  The  teiTas  pyspmia  and  septictnmia  are  used  iu  different  senses 
by  different  patholiigists,  and  our  knowledge  of  these  and  allied  pro- 
cesses is  still  undoubtedly  incomplete.  The  Keport  of  the  Com- 
mittee appointed  by  the  Pathological  Society  of  I>ondon  to  iuvos- 
tigate  the  nature  and  causes  of  I'yiemia,  Septicaemia,  and  Purulent 
Infection,  is  an  admirable  account  of  what  is  ut  present  known  of 
these  subjects.    7'rans.  Path.  Soc.  Load.  1879. 
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lever— it  is  probably  maiuly  due  to  the  absorption  of 
small  quantities  of  decomposing  matter  from  the  surface 
of  the  wound.  Whatever,  therefore,  prevents  se]3tic 
changes  in  the  inflammatory  products,  or  interferes  with 
the  absorption  of  the  septic  fluids,  will  prevent  the  fever. 
Absorption,  as  will  be  seen  presently,  is  prevented  by  the 
formation  of  healthy  granulation  tissue. 

Closely  allied  to  this  traumatic  or  surgical  fever  is  the 
condition  known  as  septkcenda.  Here,  also,  there  is  an 
absorption  of  septic  matter  from  some  local  lesion,  but 
the  general  disturbance  of  the  vital  functions  to  which  it 
gives  rise  is  much  more  considerable.  Septicasmia  appears 
therelore  to  differ  from  simple  traumatic  fever  mainly  in 
this— that  in  it  the  infective  process  is  one  of  nuich 
greater  intensity.  No  sharp  line  of  demarcation,  how- 
ever, can  be  drawn  between  the  two. 

The  clinical  phenomena  of  septicajmia,  as  observed  in 
man,  are  characterised  not  only  by  pyrexia,  but  also,  in 
severe  cases,  by  vomiting,  diarrhoea,  muscular  enfeeble- 
ment,  affecting  particularly  the  heart  and  respiratory 
muscles,  and  ultimately  a  condition  of  collapse  which 
tends  to  terminate  in  death.    After  death  the  blood  is 
found  to  be  darker  and  less  firmly  coagulated  than  usual 
Extreme  congestions  and  ecchymoses  are  met  with  in  in- 
ternal organs,  especially  in  the  heart,  lungs,  and  gastro- 
intestinal mucous  membrane.     The  spleen,  liver  and 
other  viscera  are  enlarged,  friable,  and  abnormally  vascu- 
lar;  and  little  patches  of  lymph  are  seen  on  the  pleura 
and  pericardium.     Metastatic  abscesses  and  all  other 
secondary  inflammatory  lesions  are  completely  absent 
.buch  pure  uncomplicated  cases  of  septicasmia  are  how- 
ever, comparatively  infrequent,  the  scptictemia  'beino- 
usually  associated  with  the  development  of  secondar? 
inflammations-t-^  pyaemia.     A   simple   septicaemia  is 
perhaps  most  common  in  the  puerperal  state  (Puerperal 
bepticasmia,). 

_  In  studying  the  pathology  of  septicaemia  we  must  con- 
sider-1.  Ihe  nature  of  the  infective  material-the  septic 
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poison,  and  the  couditions  under  which  it  is  produced; 
2.  The  circumstances  which  influence  its  absorption  and 
dissemination  ;  aud  3.  The  changes  which  it  produces  m 
the  circulating?  blood.  Our  knowledge  on  all  these 
questions  has  been  derived  mainly  from  the  experimental 
investigation  of  infective  processes  induced  in  the  lower 
animals  ;  and  amongst  those  who  have  contributed  most 
largely  to  this  knowledge  during  the  past  few  years  are 
Professors  Billroth,  Bergmann,  Koch,  and  m  our  own 
country,  Dr.  Burdon  Sanderson.* 

1  The  Sei^tic  Foison.—Tivstlj,  with  regard  to  the 
infective  material,  and  the  circumstances  under  which  it 
is  produced.  In  the  natural  disease  this  material  origi- 
nates in  connection  with  some  local  inflammation,  or 
much  less  frequently  with  some  wound  in  which  no  in- 
flammation is  present-as  the  uterus  after  delivery.  It 
is  in  the  albuminous  liquids  of  such  local  lesions  that 
the  septic  poison  is  produced,  and  its  production  appears 
to  be  invariably  associated  with  the  putrid  decovipositwn 
of  the  liauid.  In  the  disease  artificially  induced  m  the 
lower  animals  the  poison  is  introduced  from  without,  and 
consists  of  some  putrid  liquid,  such  as  a  putrid  infusion 

of  muscle.  .  » 

It  is  well  known  that  the  putrid  decomposition  of 

Fig.  91. 


Fcelid  Pus  from  an  Showing  comm.™ 

forms  of  bacteria  amongst  the  pus-coiiniscles.  x  (>(i(i. 


Lpctures  ou  the  Infective  Processes  of  Disease,"  I'y  D.'; 
,.«     l  .  .«on.  delivered  at  the  University  of  Loudon  :  JirU. 


Burdon  Sanderson,  deliver 
Med.  Journ.,  Dec.  1877,  aud  Jan.  18' S, 
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albuminous  liquids  is  always  associated  with  the  presence 
in  them  ofbadei-ia,  or  their  germs.  (Fig.  91.)  In  a  series 
of  experiments  made  in  the  laboratory  of  the  Brown 
Institution  in  1872,  with  the  object  of  determining  the 
nature  of  the  septic  poison,  Dr.  Sanderson  found  that 
these,  or  similar  organisms,  abounded  in  all  liquids  which 
were  capable,  when  introduced  into  the  circulation  of  an 
annual,  of  producing  septicasmia  ;*  and  from  the  results 
of  these  and  other  more  recent  experimeuts,  Dr.  San- 
derson concludes  that  the  agency  of  haderia  is  essential 
for  tlie  produdion  of  the  septic  poison. 

But  although  the  production  of  the  poison  appears  to 
be  invariably  associated  with  the  presence  of  bacteria,  it 
is  something  quite  distinct  from  the  process  of  simple 
putrefactive  decomposition.  That  this  is  so  has  been 
proved  by  Bergmann,  who  has  shown  that  the  poison  can 
be  produced  by  the  action  of  bacteria  on  non-albuminous 
liquids  ;  and  also  that  if  bacteria  be  grown  in  such  non- 
albuminous  liquids,  the  first  crop,  which  are  rod-shaped, 
active  organisms  (bacteria  proper)  are  inert ;  but  as  the 
process  of  cultivation  proceeds,  spheroidal  and  less  active 
organisms  are  produced  (micrococci),  and  the  liquid 
becomes  intensely  virulent.  From  these  facts  Dr.  San- 
derson infers  that  the  poison  is  not  a  product  of  the 
septic  disintegration  of  protein  substances,  but  some- 
thing much  more  intimately  associated  with  the  existence 
and  growth  of  the  organisms  themselves. 

The  production  of  the  poison  being  thus  dependent 
upon  the  agency  of  bacteria,  the  question  arises  whether 
Its  effects  are  due  to  the  direct  action  of  the  organisms 
themselves.  In  answer  to  this  question,  the  results  of 
Dr.  Ander's  experiments  appear  to  be  conclusive.  This 
observer  has  shown  that  the  complete  destruction  of  the 
organisms  ui  a  liquid  which  has  been  proved  to  be  septic 
in  no  way  impairs  the  virulence  of  its  action.f 

*  "  Trana.  Path.  Soc.  Lond.,"  vol.  xxiii.  1872 
t  Anders    J' Giftigo  Wirkung  von  dxirch   Bakterieu  betrubto 
J«ialu-nussigkoit:"  iMutschc  Zeilschri/l /ilr  aiirurgie,  vol.  vii 
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From  these  investigations  we  must  therefore  conclude 
that  the  septic  poison  is  a  product  of  the  growth  of 
bacteria;  but,  says  Dr.  Sanderson,  haderia  are  incapahle 
of  producing  the  poison  in  the  healthy  organis'in.  The 
condition  which  appears  to  be  necessary  for  the  develop- 
ment of  the  poison,  is  some  abnormal  state  of  the  living 
tissues,  such  as  is  produced  by  injury.  It  is  in  the  pro- 
ducts of  such  injured  tissues  that  the  development  of 
the  bacteria  and  the  production  of  the  poison  can  take 
place,  and  it  is  consequently  in  some  inflammatory  lesion 
that  septic  processes  most  frequently  originate. 

Inasmuch  as  the  agency  of  bacteria  is  essential  for 
the  production  of  the  septic  poison,  it  will  be  readily 
understood  why,  in  the  majority  of  cases,  septicajmia 
originates  from  lesions  which  are  in  direct  communication 
with  the  external  air,  and  also  why  the  development  of 
septic  processes  is  favoured  by  the  crowding  together 
of  persons  with  open  wounds  ;  for,  as  pointed  out  by  Mr. 
Savory,  the  decomposition  of  an  animal  fluid  is  hastened 
by  the  introduction  into  it  of  any  other  animal  matter 
which  is  also  undergoing  active  putrefactive  change.* 

2.  The  absorption  of  the  Poisoii.— Having  discussed  the 
nature  of  the  poison,  and  the  circumstances  under  which 
it  originates,  it  remains  to  consider  how  it  becomes 
absorbed  and  is  disseminated.  Putrid  liquids  in  contact 
with  injured  tissues— liquids  capable  of  producing  the 
most  intense  septic  processes  if  artificially  inoculated — 
do  not  always  become  absorbed.  The  causes  which  in 
some  cases  favour  their  absorption,  and  in  others  prevent 
it,  must  be  looked  for,  according  to  Mr.  Savory  [loc.  cit.), 
in  the  condition  of  the  tissues  with  which  they  are  in 
contact.  A  fresh  wound  is  a  very  readily  absorbing 
surface,  but  Billroth  and  others  have  shown,  experi- 
mentally, that  healthy  granulations  offer  a  decided 
obstacle  to  the  absorption  of  fluids  from  their  surface. 


*  "Discussion  on  Pyremia  at  Clinical  Society."  Mr.  Savory.— 
'J'riiiis.  Clin.  Soc.  Loud.,  vol.  vii.  p.  Ixxvi. 
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Wheu,  however,  the  granulations  become  partially  de- 
stroyed, or  are  in  an  unhealthy  condition,  Huids  readily 
permeate  them.  It  must,  then,  be  considered  as  exceed- 
ingly probable  that  the  absorption  of  the  poison  is  in- 
timately connected  with  some  abnormal  condition,  due  to 
injury  or  disease,  of  the  tissues  with  which  it  is  in  contact 
The  poison,  when  absorbed,  is  disseminated  by  means  of 
the  veins  and  lymphatics. 

3.  Ohanges  prochtced  hij  the  Poison  in  the  Blood  — 
Eespectmg  the  changes  produced  by  the  septic  poison  in 
the  circulating  blood,  and  in  the  organism  generally- 
the  results  of  the  experimental  production  of  septica3mia 
show  .hat,  m  many  cases,  these  are  in  direct  proportion 
to  the  quantity  of  the  poison  that  is  introduced;  whilst 
in  others  the  poison  m^dtiplies  after  its  absorption,  and 
Its  effects  therefore,  are  not  proportionate  to  the  quantity 
absorbed,  but  the  intensity  of  the  process  gradually  in- 
creases. _  In  the  former  case  the  blood,  merely  containing, 
the  original  quantity  of  the  poison  much  diluted,  is  inca- 
pable of  setting  up  a  similar  process  in  another 'animal  • 
whereas  in  the  latter,  inasmuch  as  the  poison  increases' 
the  smallest  drop  of  blood  may  be  intensely  infective' 
Uinically,  these  two  classes  of  cases  are  «till  very  imner 
fectly  distinguished.*    The  multiplication  of  the  poison 
will  be  again  alluded  to  when  speaking  of  pyasmia 

Before  concluding  this  part  of  the  subject,  further 
allusion  must  be  made  to  the  character  of  the  blood  in 
septicaemia,  and  to  the  changes  which  are  observed  in  the 
organs  after  death.  The  extent  to  which  the  blood  is 
altered  varies   considerably,  both  in    septicaemia  and 

tiou  ("Heptic   Intoxication");  thoso  a  . i  ^vSr 
multiplies  ami  in  which  the/ disease  is  ti-  .lv  inf  * 
cable   by  inoculatioi.  from  >^ni^T to  S^fZ.'^^^'"''"^'^'''''- 
absorption  of  some  virus  which  is  deveZ  d  ^  "P"" 
organic  matter  ("  .Septic  Infeetiou").    Th7t wo  en,  ,Kf 
associated.-7,aH«.  Path.  !Soc.  L<^J  187y  '^o'^d'hous  may  bo 
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pyasmia,  according  to  the  virulence  of  the  poison.  In 
tiie  more  severe  cases  this  fluid  is  darker  in  colour  and 
coagulates  lessperfectly  thanin  health.  The  red  corpuscles 
also  tend  to  aggregate  in  clumps  instead  of  rouleaux ;  and 
they  often  undergo  disintegration  during  life,  so  that  the 
serum  is  stained  with  haemoglobin  immediately  afterdeath. 

One  of  the  most  important  features,  however,  in  con- 
nection with  the  blood  is  the  marked  tendency  to  conges- 
tion  and    blood-stasis    which   characterises  both  the 
natural  and'  the  artificially  induced  diseases.    With  re- 
gard to  the  causes  of  these  circulatory  phenomena— the 
investigations  of  Dr.  Kohler  appear  to  show  that  they 
are  partly  due  to  the  destructive  action  of  the  poison  on 
the  white  blood-corpuscles,  and  the  consequent  liberation 
of  the  ferment  upon  which  the  process  of  coagulation 
depends.*    (See  "Thrombosis.")    From  the  report  of 
the  committee  appointed  by  the  Pathological  Society, 
three  other  circumstances  appear  to  be  concerned  in 
their  production— viz.,  the  occlusion  of  the  small  blood- 
vessels  by   micrococci,  the   destruction  and  shedding 
of  the  vascular  endothehum,  and  hypertrophy  of  the 
intima.    The  microscopical  examination  of  the  various 
organs  from  cases  of  septicemia  and  pyajmia  by  the 
members  of  this  committee  showed  that  the  capillaries 
were  frequently   occluded  by   dense   aggregations  of 
minute  spherical  organisms  imbedded  in  a  homogeneous 
substance  ;   and  that   similar   organisms  adhered  in 
masses  to  the  walls  of  the  larger  vessels.    Bacteria  were 
found  much  less  frequently.    The  endothelium  of  the 
blood-vessels  genei-ally  was  here  and  there  detached ;  and 
the  intima  was  often  considerably  thickened,  in  some 
cases  so  much  so  as  to  considerably  diminish  the  lumen 
of  the  vessel.    The  importance  of  these  changes  as  causes 
of  cont^estion  and  thrombosis  is  sufficiently  obvious. 


*  "TJeber  Thrombose  imd  Trausfnsiou,  Eiter  \md  septisch 
Infection  und  deren  Beziehuug  zum  Fibrmfoimeut,"  by  Dr.  Ai-mu 
Kuhler.    Dorpat,  1877. 
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Pya3inia,  as  already  stated,  appears  to  result  from  the 
developmeut  and  absorption  of  the  same  poison  as  that 
which  gives  rise  to  septicremia.  The  two  conditions  are 
thus  closely  allied,  and  they  are  very  often  associated. 

Pyasmia  differs  from  septica3mia  iu  this  respect— that 
in  it  the  absoi-ption  and  dissemination  of  the  poison  gives 
rise  not  only  to  an  alteration  in  the  blood  and  a  general 
disturbance  of  the  vital  functions,  but  also  to  the  produc- 
tion of  secondary  foci  of  inflammation— the  so-called 
metastatic  ahscesses.  It  is  the  production  of  these 
abscesses,  and  of  other  more  difi"used  inflammatory 
lesions,  which  is  the  distinctive  character  of  pyajmia. 
It  is  thus  probable  that  pyajmia  is  invariably  associated 
with  more  or  less  septica3mia,  and  it  may  be  regarded  as 
a  septicajmia  in  which  there  are  disseminated  inflamma-' 
tions  and  suppurations. 

Pyasmia  being  thus  the  result  of  the  absor^Dtion  of  the 
same  poison  as  that  which  gives  rise  to  septicajmia, 
all  that  has  been  said  respecting  the  origin  and  nature 
of  this  poison,  and  the  circumstances  which  influence  its 
absorption  and  dissemination  from  the  focus  of  mfection, 
applies  equally  to  both  diseases.  What  remains  for  con- 
sideration are  the  differences  in  the  effects  which  are 
produced.  It  will  be  well,  in  the  first  place,  however,  to 
describe  briefly  the  pyasmic  lesions. 

The  lesions  which  are  the  most  characteristic  of  pyjemia 
are  the  so-called  metastatic  abscesses.  These  present 
certain  peculiarities.  In  their  earlier  stages  they  usually 
consist  of  somewhat  reddish,  friable,  granular-looking 
masses  of  consolidation,  which  are  surrounded  by  a  thin 
zone  of  red  hypersBmic  tissue.  These  masses  are  fre- 
quently wedge-shaped,  the  apex  of  the  cone  being  towards 
the  centre  of  the  organ.  They  vary  considerably  iu  size, 
some  not  being  larger  than  a  small  pea,  whilst  others 
exceed  the  size  of  a  chestnut.  The  consolidated  mass  soon 
assumes  the  characters  of  an  abscess.    Its  more  central 
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portions  become  softened  and  purulent,  and  ultimately  it 
tends  to  become  converted  into  a  collection  of  pus  and 
broken-down  tissue,  this  being  still  surrounded  by  a  thin 
red  zone  of  induration.  These  metastatic  abscesses  are 
met  with  most  frequently  in  the  lungs  ;  but  they  also 
occur  in  the  liver,  spleen,  kidneys,  and  in  other  internal 
organs.  They  are  more  commonly  found  near  the  surface 
than  in  the  more  internal  portions  of  the  organ,  often 
being  situated  immediately  beneath  the  fibrous  capsule. 

In  addition  to  these  abscesses,  more  diffused  inflamma- 
tory lesions  are  met  with  in  pyemia.  These  consist  chiefly 
of  suppurative  arthritis,  and  of  inflammations  of  the  sub- 
cutaneous cellular  tissue  and  serous  membranes,  espe- 
cially of  the  pleuriE  and  pericardium. 

With  regai-d  to   the   pathology   of  the  metastatic 
abscesses— they  are,  for  the  most  part,  of  emhoJic  origin, 
the  emboli  originating  in  the  thrombi  which  form  at  the 
seat  of  the  primary  lesion.    The  circumstances  under 
which  thrombi  formed  in  the  vessels  of  a  part  become 
softened  or  broken-np,  so  as  to  furnish  embolic  plugs,  and 
the  way  in  which  these  plugs  may  set  up  acute  inflamma- 
tory processes  at  the  seat  of  their  arrest,  has  been  described 
in  the  chapters  on  "  Thrombosis"  and  "  Embolism."  It 
will  be  sufficient  in  the  present  place  to  state  that  in  the 
course  of  a  pyaamic  process  the  coagula  which  form  in  the 
vessels  at  the  seat  of  the  pyemic  inflammations  become 
infected  with  the  pya3niic  poison,  and  if  they  soften  or 
become  broken  up  so  as  to  furnish  embolic  plugs,  these 
plugs  cause  secondary  suppurative  processes  in  the  parts 
in  which  they  become  arrested ;  and  it  is  to  the  dissemi- 
nation of  these  infective  emboli  that  the  formation  of 
the  majority  of  the  metastatic  abscesses  in  pyasmia  is 
owing.    The  more  diffuse  secondary  inflammations  of  the 
subcutaneous  connective  tissue,  and  of  serous  and  syno- 
vial membranes,  are  probably  often  unconnected  with 
embolism,  but  are  due  directly  to  the  altered  condition  of 
the  blood. 

The  prominent  part  which  is  played  by  thrombosis  and 
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embolism  in  the  pathology  of  these  infective  processes 
probably  accounts  for  the  fact,  that  these  processes  are, 
in  the  majority  of  cases,  associated  with  the  development 
of  metastatic  abscess  and  other  secondary  inflammations 
— m  other  words,  that  pyaamia  is  so  much  more  common 
than  pure  septicasmia.  The  blood-vessels  of  the  primary 
lesion  which  serves  as  the  starting-point  of  the  infective 
process— usually  a  local  inflammation— can  rarely  be  free 
from  coagula,  and  hence  not  only  is  the  absorption  of  the 
poison  often  delayed  (or  even  prevented),  but,  when  it 
does  take  place,  it  is  usually  associated  with  the  dissemi- 
nation of  solid  substances  derived  from  the  coagula  them- 
selves (emboli). 

The  occurrence  of  thrombosis  and  embolism  also 
appears,  in  some  cases,  to  influence  the  intensity  of  the 
infective  processes.  In  simple  septicasmia  it  has  been 
seen  that  the  changes  produced  are  often  in  direct  pro- 
portion to  the  quantity  of  the  poison  which  is  absorbed 
from  the  primary  lesion.  In  pyemia,  however,  Dr.  San- 
derson says,  the  poison  probably  multiplies  within  the 
organism.  In  attempting  to  explain  this,  the  experi- 
ments on  the  cultivation  of  the  poison  are  of  much  value. 
These  experiments  prove  not  only  that  the  poison  can  be 
produced  by  cultivation,  but  also  that  in  an  artificially 
produced  septic  liquid  the  virulence  of  the  liquid  increases 
with  the  development  of  the  bacteria.  A  similar  culti- 
vation of  the  poison  probably  sometimes  occurs  in  pyaj- 
mic  processes,  the  original  poison  produced  at  the  primary 
lesion  increasing  in  the  secondary  and  tertiary  foci  of 
inflammation,  and  not  only  increasing,  but  perhaps 
becoming  more  virulent.  Although,  however,  this  may 
occur  in  some  cases  of  pyjemia,  it  is  by  no  means  con- 
stant. In  many  cases  secondary  inflammations  are  the 
principal  result  of  the  dissemination  of  the  septic  emboli, 
and  there  is  but  little  general  blood  poisoning. 
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SYPHILIS. 

The  lesions  occurring  in  the  coiirse  of  constitutional 
syphilis  are  for  the  most  part  inflammatory  in  their 
nature,  but  in  their  seat,  distribution,  and  histological 
characters,  many  of  them  present  certain  peculiarities 
which  mate  them  quite  characteristic  of  this  disease. 
The  x^rimary  syphilitic  lesion  (usually  the  indurated 
chancre),  the  secondary  lymphatic  gland  enlargement, 
and  the  subsequent  series  of  changes  in  the  skin,  mucous 
membranes,  and  later— in  the  nervous  system,  bones,  and 
internal  organs,  are  all  of  them  the  results  of  chronic 
processes,  allied  to  inflammation,  induced  by  the  syphi- 
litic poison. 

The  lesions,  however,  which  must  be  regarded  as 
especially  characteristic  of  syphilis,  are  of  three  kinds — 
certain  fibroid  indurations,  a  form  of  growth  which  is 
known  as  a  gumma  or  syphilitic  tumour,  and  certain 
changes  in  the  arteries.  These  forms  of  lesion  are  very 
frequently  associated,  and  in  many  cases  it  is  difficult  to 
draw  any  line  of  demarcation  between  them. 

1.  Fibroid  Changes. — Fibroid  indurations  are  often 
associated  with  the  gummata,  and  many  fibroid  lesions 
are  simply  the  remains  of  what  were  previously  gummy 
tumours. 

Fibroid  changes  also  occur  very  frequently  in  the 
course  of  syphilis  quite  independently  of  gummata. 
These  changes  consist  in  the  development  of  a  fibroid 
tissue  precisely  similar  to  that  met  with  as  the  result  of 
ordinary  chronic  inflammation.    (See  "Inflammation  of 
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Common  Connective  Tissue.")  The  new  tissue,  whicli 
originates  around  the  blood-vessels,  and  in  the  earlier 
stages  of  its  growth  is  more  or  less  richly  cellnlar,  pro- 
duces a  fibroid  thickening  of  the  affected  area.  These 
fibroid  thickenings  are  characterised  by  their  localisation 
and  by  the  irregularity  in  their  distribution.  They 
occupy,  for  the  most  part,  small  areas,  and  the  surrotind- 
ing  tissues  are  unaffected.  It  is  these  peculiarities  in 
their  distribution  and  localisation,  and  not  their  his- 
tological characters,  which  render  them  so  characteristic 
of  syphilis. 

These  fibroid  changes  are  met  with  in  various  situa- 
tions—in the  periosteum,  in  the  sheaths  of  nerve-trunks, 
in  the  capsules  and  interstitial  tissue  of  organs,  and  in 
muscle.  When  occurring  in  the  capsules  of  organs  they 
present  very  characteristic  appearances.  In  the  liver  and 
spleen,  where  they  are  the  most  frequent,  they  give  rise 
to  an  irregularly  distributed  thickening  and  puckering 
of  the  capsule,  which  is  exceedingly  typical  of  advanced 
syphilis.  The  thickened  portions  are  usually  connected 
with  dense  fibroid  septa  which  pass  into  the  interior  of 
the  organ  ;  and  there  are  frequently  also  numerous  sti'ong 
peritoneal  adhesions.  The  gummy  masses,  about  to  be 
described,  are  very  often  to  be  found  in  the  midst  of  the 
fibroid  gi-owth. 

2.  Gnmma.ta. — These  are  perhaps  more  characteristic 
of  syphilis  than  the  fibroid  lesions,  with  which,  as  already 
stated,  they  are  frequently  associated.  Thegummata,  as 
usually  met  with,  are  moderately  firm  yellowish- white 
nodules,  having  often,  on  section,  somewhat  the  appear- 
ance of  a  horse-chestnut.  They  vary  in  size  from  a 
hemp-seed  to  a  walnut,  and  are  surrounded  by  a  zone  of 
translucent  fibrous-looking  tissue,  which  sometimes  has 
the  appearance  of  a  capsule,  and  which  is  so  intimately 
associated  with  the  surrounding  structures  that  the 
enucleation  of  the  mass  is  impossible.  In  the  earlier 
stages  of  their  development,  when  they  less  commonly 
come  under  observation,  they  are  much  softer  in  consis- 
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Fig.  92. 
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tence,  more  vascular,  aud  of  a  reddish-white   colour  ; 
whilst  in  their  more  advanced  stages,  owing  to  extensive 
retrogressive  changes,  they  may  be  distinctly  caseous. 

When  the  gummata  are  examined  microscopically  they 
are  found  to  consist  in  the  main  of  atrophied,  degene- 
rated, and  broken  down  cell-products,  embedded  in  an  in- 
completely fibrillated  tissue.     There  are,  however,  some 
marked  structural  differences  between  the  central  and  ex- 
ternal portions  of  the  growth.    The  central  portions  are 

composed  almost  entirely  of 
closely  packed  granular  de- 
bris, fat  granules,  and  cho- 
lesterin,  amongst  which  may 
be   an    exceedingly  scanty 
fibrillated  tissue.  (Fig.  92  a.) 
Surrounding  this    and  di- 
rectly continuous  with  it  is 
a  fibro-uucleated  structure ; 
whilst  the  peripheral  por- 
tion of  the  growth  is  a  richly 
cellular  and  vascular  tissue. 
(Fig.  92  h,  and  Fig.  93.)  This 
Gummy  GroiDth  from  Liver.— a.  .^Qy.[r,heval     cellular  tissue, 
Central  portions  of  growth,  con-  i  ,  .\    .    .     ...      .  ,  •  ,  t     •  i 

sisting  of  granular  cl(^bris.  b.  Pe-  which  is  m  direct  histological 
ripberal  granulation  tissue,  r.  A  continuity  with  the  Sur- 
SLnS)  ^'"■■"^  rounding    structures,  con- 

sists  of  small  cells,  many  ot 
which  resemble  white  blood-corpuscles,  whilst  others  are 
larger  and  nucleated  like  the  cells  of  granulation-tissue. 
These  cells  are  separated  by  a  scauty,  homogeneous,  inter- 
cellular material  and  numerous  new  blood-vessels. 

The  three  zones  above  described,  which  are  to  be  dis- 
tinguished more  or  less  clearly  in  most  of  the  fully 
developed  gummy  nodules,  cori'espond  with  three  diffe- 
rent stages  in  their  growth.  The  most  external  zone, 
consisting  of  the  vascular  granulation-tissue,  represents 
the  early  stage  of  development,  and  by  the  continuous 
formation  of  this  tissue  the  growth  may  continuously 
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iucrease.  The  intermediate  more  fibrous  zone  represents 
the  second  stage  in  the  process— the  development  of  the 

Fig.  93. 


The  Peripheral  Portion  of  a  Gummy  Growth  in  the 
Atdiiey.—Showmg  the  small-celled  grauulatiou  growth 
in  the  intertubular  tissue,    x  200. 

granulatiou-tissue  into  a  more  or  less  completely 
iibrillated  structure.  Tlie  characters  of  this  fibrillated 
tissue  vary  in  different  growths.    In  some  the  fibrillation 

Fig.  91 


From  a  Gummy  Growth  in  the  A'/rf/icy.— Showing  the 
reticulated  structure  ocea.sionally  mot  with  iu  the 
iutermediate  zone  of  those  formations,    x  200. 

is  very  distinct;  in  others,  the  tissue  is  dense  and 
cicatricial  in  character  ;  whilst,  less  frequently,  it  con- 
sists of  a  reticulated  structure  within  the  meshes  of 
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which  are  grouped  round  small  cells.  (Fig.  94.)  The 
central  zone,  consisting  of  the  amorphous  granular  ma- 
terial, represents  the  oldest  portion  of  the  growth— that 
which  has  undergone  retrogressive  changes.  The  blood- 
vessels, which  only  exist  in  the  zone  of  proliferation, 
appear  to  become  obliterated  in  the  process  of  develop- 
ment, and  this  accounts  for  the  rapid  degeneration  of 
the  central  portions  of  the  growth.  It  is  probable  that 
this  obliteration  of  the  blood-vessels  may  be  due  to  the 
changes  in  the  arteries  about  to  be  described.  When  the 
tumour  is  large,  it  may  sometimes  be  seen  to  be  made  up 
of  several  distinct  smaller  growths,  each  presenting  at 
its  circumference  the  more  perfect  cells,  whilst  its  central 
parts  are  granular  and  amorphous. 

It  would  thus  appear  that  the  first  stage  in  the  process 
of  formation  of  these  gummy  growths  consists  in  the  pro- 
duction of  a  highly  organised  and  vascular  granulation- 
tissue.  This  new  tissue,  although  it  may  develop  into  an 
incompletely  fibrillated  structure,  soon  undergoes  de- 
generation." The  degenerated  elements  become  closely 
packed  in  the  centre  of  the  growth,  whilst  proliferation 
and  incomplete  fibrillation  continue  at  the  circumference. 
The  central  portions  of  the  growth  occasionally  become 
calcified,  but  more  commonly  they  gradually  become 
absorbed,  and  a  mere  puckered  fibrous  cicatrix  may  thus 
ultimately  occupy  the  seat  of  the  original  tumour.  This 
is  one  of  the  ways  in  which  the  fibroid  lesions  originate. 

The  gummata  are  the  new  formations  most  charac- 
teristic of  syphilis.  They  are  met  with  in  the  skin  and 
subcutaneous  cellular  tissue,  in  the  submucous  tissue,  m 
muscle,  fascia3,  bone,  and  in  the  connective  tissue  of 
organs— especially  of  the  liver,  brain,  testicle,  and  kidney. 
They  also  occur,  but  much  less  frequently,  in  the  lungs  ; 
as  do  also  simple  localised  fibroid  indurations.  When 
situated  in  the  submucous  tissue,  the  mucous  membrane 
usually  becomes  destroyed,  and  a  deep  ulcer  forms.  This 
is  seen  in  the  pharynx,  soft  palate,  tongue,  larynx,  and  m 
other  parts.    These  true  gummy  ulcerations  must  be 
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distingiiisheJ  from  the  siiperficial  ulcerations  resulting 
from  inflammatory  processes  in  ttie  lymphatic  structures, 
which  also  occur  in  syphilis. 

3.  Changes  in  Arteries. — Certain  changes  in  the 
cerebral  arteries  have  been  described  by  Heubner  as 
characteristic  of  syphilis.  These  changes  have  been 
brought  prominently  before  English  pathologists  by 
Drs.  Greenfield,  Barlow,  and  others  ;*  and  the  investiga- 
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Sypliilitic  Disease  of  Cerebral  Arteries. 

A.  Sef^rnent  of  midrllc  cerebrnl  artery,  trnusverse  section- 

^  thirkentid  mmn-  coat, ;  e,  cud.itLelii.m ;  /,  merabrana 
fwiostrat.a ;  m,  mnsRular  coat;  r,,  advontitia.    x  200 

B.  Smnl  l  artery  of  Pia  Mater,  transverse  section.-ShowiDs 

tlnokened  ,nm:r  coat  dimiuislied  lumen  of  vessel,  and 
considerable  infiltration  of  adventitia.  The  cavity  of 
the  vessel  is  occupied  by  a  clot  (?  thrombus),    x  100 


*  "Trans.  Path.  Soc.  Lond.,-  vol.  xxviii.-Fwcerai  ,S///;7u7,>. 
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tions  uf  the  first-named  of  these  observers  would  tend  to 
render  it  probable  that  similar  changes  occur  in  the 
arteries  in  other  situations. 

In  the  cerebral  arteries  the  changes  produce  opacity 
and  marked  thickening  of  the  vessel,  with  considerable 
diminution  in  its  calibre.  It  is  this  diminution  of  the 
lumen  of  the  vessel  which  is  especially  characteristic. 

When  transverse  sections  of  the  vessels  are  examined 
microscopically,  the  principal  change  is  seen  to  be  situated 
in  the  inner  coat.  It  is  well  shown  in  the  accompanying 
drawings  made  from  specimens  kindly  lent  to  me  by  Dr. 
Barlow.  (Fig.  95.)  This  coat  is  considerably  thickened 
by  a  cellular  growth.  The  growth,  which  is  limited 
internally  by  the  endothelium  of  the  vessel  (Fig.  95a.  e), 
and  externally  by  the  membrana  fenestrata  (Fig.  95a./'), 
closely  resembles  ordinary  granulation-tissue,  consisting 
of  numerous  small  round  and  spindle-shaped  cells.  This 
tissue  appears  gradually  to  undergo  partial  development 
into  an  imperfectly  fibrillated  structure. 

In  addition  to  this  change  in  the  intima,  the  outer  coat 
is  abnormally  vascular  and  infiltrated  with  small  cells 
(Fig.  95a,  a),  and  this  cellular  infiltration  usually  also 
invades  the  muscular  layer  (Fig.  95a,  m). 

The  result  of  these  changes  in  the  inner  coat  is  to 
diminish  very  considerably  the  lumen  of  the  vessel  (Fig. 
95b)  ;  and  the  consequent  interference  with  the  circula- 
tion frequently  leads  to  coagulation  of  the  blood  (throm- 
bosis) and  cerebral  softening. 

Dr.  Greenfield's  observations,  as  already  stated,  tend  to 
show  that  similar  arterial  changes  occur  in  other  parts, 
and  that  they  account  for  the  degeneration  of  syphilitic 
srummata. 

SYPHILITIC   DISEASE  OF  THE  LIVEE. 

The  liver  is  one  of  the  most  frequent  seats  of  syphilitic 
lesions.  The  most  common  change  is  the  development  of 
fibroid  and  gummy  growths  in  the  substance  of  the  organ. 
These  growths  are  strictly  localised,  the  surrounding  liver- 


SYPHILITIC  DISEASE  OF  THE  LIVEFw  319 


tissue  being  healthy.  The  growths— wiich  are  usually 
connected  with  fibroid  thickenings  of  the  capsule- 
sometimes  consist  simply  of  a  dense  fibroid  structure. 
More  commonly,  however,  gummy  masses  are  found 
imbedded  in  the  fibroid  growth.  In  the  former  case  it  is 
possible  that  the  gummy  mass  may  have  become  absorbed, 
leaving  merely  its  fibroid  cicatrix. 

The  development  of  these  growths  produces  very 
marked  alterations  in  the  form  of  the  liver.  Scar-like 
depressions  are  seen  on  its  surface,  and  the  organ  is 
irregularly,  and  often  very  deeply  puckered. 

A  more  general  fibroid  change,  not  associated  with  the 
formation  of  gummy  masses,  is  occasionally  met  with  in 
the  liver  in  inherited  syphilis.  This  change  closely 
resembles  ordinary  cirrhosis,  although  the  intercellular 
network  of  the  liver  is  usually  more  extensively  involved. 

Lastly,  it  must  be  mentioned  that  the  liver  in  syphilis 
is  frequently  lardaceous. 


It  is  unnecessary  to  describe  particularly  syphilitic 
lesions  in  other  organs,  as  they  all  present  the  same 
general  characters— viz.,  strictly  localised  fibroid,  or 
tibroid  and  gummy  growths. 


CHAPTER  XXXIV. 


INFLAMMATION  OF  NON-VASCULAE  TISSUES. 


INFLAMMATION  OF  CARTILAGE. 

The  plienomena  of  acute  inflammation  in  cartilage, 
although  comparatively  rare  in  man,  have  been  studied 
by  the  artificial  production  of  inflammation  in  the  arti- 
cular cartilages  of  the  lower  animals.  They  consist  in 
changes  in  the  cartilage  itself,  and  in  the  vessels  of  the 
adjacent  synovial  membrane  and  bone,  from  which  the 
cartilage  receives  its  nutritive  supply.  Eespectmg  the 
vascular  changes,  these  are  such  as  have  been  already 
described  as  characteristic  of  intiammatiou. 

The  changes  which  take  place  in  the  cartilage  itself 
have  been  believed  to  be  accompanied  by  activity  of  the 
cartilage  cells,  by  their  proliferation,  and  the  production 
of  new  elements.  Such  changes  are  represented  in 
Fig.  96.  The  results  of  recent  investigations,  however, 
tend  to  show  that  the  cells  of  the  cartilage  really  remain 
inactive  in  the  process  of  inflammation,  and  that  all  the 
young  elements  are  emigrants  from  the  vessels. 

Whether  the  cells  of  the  cartilage  take  any  active  part 
in  the  process  or  not,  their  capsules  become  destroyed, 
the  intercellular  substance  softens  and  breaks  down,  and 
numerous  small  cells  take  the  place  of  the  original  tissue. 
(Fig.  96  e.)  As  the  process  proceeds  the  new  cells  and 
granular  debris  escape  from  the  surface  of  the  cartilage, 
which  thus  becomes  irregular,  presenting  numerous 
elevations  and  depressions:  this  Is  acute  ulceration  of 
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cartil;io-e.  Whilst  these  changes  are  taldiig  phice  iu  the 
cartilage  itself,  luiiiieroas  uew  blood-vessels  are  formed 
from  those  in  the  adjacent  bone  or  synovial  membrane  ; 


Fig.  9(j. 


Section  Of-  r,iilcimed  Cartilage. — a.  The  normal  cartilnge- 
cells.  b.  The  same  enlarged,  d.  Multiplication  of  cells 
wthin  their  capsules,  e.  Great  increase  in  the  number  of 
the  young  cells,  and  destruction  of  the  intercellular  sub- 
stance.   X  250.  (Coi-nil  and  Eanvier.) 

the  httle  loops  of  new  vessels  dipping  into  the  softened 
cartilage.  This  process  of  softening  and  ulceration  may 
go  on  until  the  cartilage  is  completely  destroyed,  or  it 
may  become  arrested.  In  the  latter  case  the  young 
cells  form  a  granulation-tissue,  this  tissue  fibrillates,  and 
the  lost  cartilage  thus  becomes  replaced  by  a  fibrcid 
structure. 

When  the  inflammation  is  less  severe  and  runs  a  more 
chronic  course,  the  cellular  infiltration  is  less  abundant, 
and  the  intercellular  substance  is  less  destroyed.  The 
newly  formed  cells  are  more  highly  organised,  and  whilst 
many  of  them  undergo  retrogressive  changes,  others  form 
a  fibrillated  tissue.  Irregular  cavities  may  thus  be  pro- 
duced in  the  midst  of  a  fibrillated  cartilage. 

Erodon  of  GVw^iZar/e.— Allusion  must  be  made  here 
to  a  morbid  condition  of  cartilage  which  is  common 
in  people  past  middle  life.  It  consists  in  the  occurrence 
Tipon  the  surface  of  the  articular  cartilages  of  small, 
yellowish,  flocculent  spots,  which  gradually  increase  in 
size,  and  ultimately  break  down  and  become  destroyed. 
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leaving  a  superficial  erosion.  The  change  occurs  most 
frequently  iu  the  cartilages  of  the  patella  and  of  the 
knee-joint,  aud  in  otlier  situations  in  which  the  cartilages 
are  especially  subjected  to  pressure. 

When  the  diseased  portions  are  examined  microscopi- 
cally, the  most  marked  alteration  is  seen  to  consist  in  a 
fibrillation  of  the  intercellular  substance  of  the  cartilage. 
Some  of  the  cartilage-cells  are  also  increased  in  size  and 
show  signs  of  proliferation;  whilst  others  are  in  various 
stages  of  fatty  metamorpbosis.  The  cbange  appears  to 
result  from  long-continued  irritation  due  to  pressure,  aud 
it  may  be  regarded  as  an  irritative  process,  in  which, 
owing  to  the  natural  poverty  of  the  vascular  supply, 
retrogressive  changes  occupy  a  prominent  place. 

I 

INFLAMMATION  OF  THE  CORNEA. 

The  process  of  inflammation  as  it  occurs  in  the  coinea 
has  been  chiefly  studied  in  the  frog.    After  injury  of  the 
frog^s  cornea,  the  earliest  changes  observed  consist  in 
the^conjunctival  epithelium  becoming  visible,  and  in  the 
appearance  amongst  the  epithelial  cells  of  a  few  leuco- 
cytes, whicb  have  probably  escaped  from  the  hypera3mic 
vessels  of  the  conjunctiva.    The  cornea  cells  and  their 
prolongations  then  become  visible  (they  are  invisible  in 
the  healthy  cornea,  which  appears  perfectly  structure- 
less), and  the  intercellular  substance  graduaUy  becomes 
increasingly  opaque,  owing  to  its  infiltration  with  small 
cellular  elements  (leucocytes).    These  are  so  numerous 
and  increase  so  rapidly,  that  they  must  undoubtedly  be 
recrarded   as,  in  the  main,   emigrant  white  blood-cor- 
puscles.   It  was  formerly  believed  that  the  cells  of  the 
cornea  exhibited  active   changes,  and  that  from  them 
many  of  the  new  elements  which  are  seen  m  the  intercel- 
lular substance  were  produced;  but  here,  as  m  cartilage, 
all  recent  investigations  render  it  more  probable  that  they 
really  remain  inactive.    As  the  number  of  young  elements 
increases  the  consistence  of  tlie  cornea  becomes  dimi- 
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uished,  until  ultimately  the  tissue  bi'eaks  down  aud  is 
destroyed. 

The  inflammatory  process  may  continue  until  the  w  hole 
of  the  substance  of  the  cornea  is  softened  aud  destroyed  ; 
or  it  may  become  arrested.  lu  the  hitter  case  more  or 
less  thickening  and  opacity  of  the  cornea  will  result, 
owing  to  the  increase  in  the  number  of  cells  and  the 
changes  in  the  iutercellular  substance. 


Y  2 


CHAPTER  XXXV. 


INFLAMMATION  OF  COMMON  CONNECTIVE  TISSUE. 

Common  connective  tissue  is  one  of  tlie  most  frequent 
seats  of  the  inflammatory  process,  not  only  the  subcuta- 
neous connective  tissue,  but  also  the  connective  tissue 
of  organs  and  of  other  parts. 

If  connective  tissue  be  examined  a  few  hours  after  the 
infliction  of  an  injnry,it  will  be  found  that  m  place  ot 
the  fibriUated  substance  and  fixed  connective-tissue  ceils 
of  which  it  is  normally  composed,  the  tissue  is  luhltrated 
with  small  round  cells  (leucocytes),  and  that  the  fabnl- 
lated  intercellular  material  has  become  homogeneous 
and  gelatinous  in  consistence.    The  number  of  these  cells 
gradually  increases,  and  the  intercellular  substance  gra- 
dually becomes  more  completely  destroyed,  so  that  ulti- 
mately the  tissue  consists  almost  entirely  of  small  round 
cells,  held  together  by  a  small  quantity  of  soft  gelatmous 
intercellular  material. 

Eespecting  the  source  from  which  these  young  elements 
are  derived-i.fi.  how  far  they  are  emigrants,  and  how 
far  they  are  the  ofEspring  of  ceUs  belonging  to  the  con- 
nective tissue-there  appears  to  be  little  doubt  that  they 
are  almost  entirely  emigrants;  and  it  is  a  so  extremely 
probable  that  the  escaped  corpuscles  multiply  by  division, 
it  was  formerly  supposed  that  the  connective-tissue  cor- 
puscles multiphed  very  rapidly  m  intiainmation  and  that 
the  newly  formed  cells  were  entirely  the  result  of  their 
proliferation,  but  the  investigations  of  Professors  Cohn- 
heim    Strieker,  and  others,  show  that  this    view  is 
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oiToiieous;  and  accovdiiio;  to  ColmheiQ:,  these  corpnsclea 
take  uo  ]iart  whatever  iu  the  inflammatory  process. 
Protessor  Strieker,  however,  has  observed  them  under- 
going active  movements  in  the  inflamed  tongne  of  the 
frog,  and  although  he  has  never  seen  them  divide,  he  con- 
cludes that  they  may  probably  do  so  in  the  latter  stages 
of  the  inflammatory  process.  The  present  state  of  our 
knowledge  respecting  inflammation  of  connective  tissue 
would  therefore  appear  to  justify  tlie  conclusion  that  in 
the  early  stages  of.  tlie  process  all  the  young  cells  are 
emigrants,  but  that  iu  the  latter  stages  a  few  of  them 
may  possibly  be  derived  from  the  proliferation  of  the 
fixed  connective-tissue  cells. 

Such  being  the  nature  of  the  changes  which  more 
immediately  follow  injury  of  the  connective  tissue— the 
inflammatory  process  may  terminate  in  resolution,  in 
organisation,  or  in  suppuration. 

Resolution.— If  the  injury  sustained  by  the  tissue  is 
not  severe,  the  inflammation  may  gradually  subside,  the 
process  terminating  in  resolution.  In  this  case  the 
hyperremia  diminishes,  the  emigration  ceases,  some  of 
the  young  cells  undergo  fatty  metamorphosis,  others  pass 
into  and  are  removed  by  the  lymphatics,  and  the  tissue 
gradually  returns  to  its  normal  condition.  (See  "  Ter- 
minations of  Inflammation.") 

OiiGANis.vTiox.— If  the  inflammatory  process  does  not 
terminate  in  resolution,  many  of  the  young  cells  may 
become  more  fully  developed,  and  ultimately  form  a 
fibrillated  tissue.  This  organisation  of  the  inflammatory 
formation,  or  "productive"  inflammation,  is  seen  in  the 
healing  of  wounds,  the  repair  of  ulcers,  and  also  in  many 
of  the  chronic  inflamma.tions  of  the  kidney,  liver,  and 
other  organs.  In  order  for  it  to  occur  it  is  necessary 
that  there  should  be  a  considerable  diminution  in  the 
intensity  of  the  inflammation.  (See  "  Terminations  of 
Inflammation.") 

The  process  oi'  organisation  consists  in  the  develop- 
ment of  many  of  the   small   round   cells   into  larger 
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elements,  the  formation  of  new  blood-vessels,  the  fibrilla- 
tion of  the  new  structure,  and  its  conversion  into  a  mature 
connective  tissue.  These  changes  are  similar  to  those 
which  occur  physiologically  in  the  development  of  c<m- 
nective  tissue  from  the  cells  of  the  embryo. 

The  first  change  observable  in  the  small  rouna-celled 
inflammatory  production,  usually  about  the  fifth  day,  is 
the  appearance  in  it  of  some  larger  elements.    These  are 
spherical  masses  of  protoplasm,  double  the  size  of  the 
smaller  cells,  with  large  round  or  roundly-oval  nuclei,  and 
sHghtly  amoBboid.    The  number  of  these  larger  cells  in- 
creases, and  some  of  them  become  more  fully  developed 
and  contain  two  nuclei.    Many  of  them  also  throw  out 
processes  and  become  branched,  and  the  branches  uniting 
with  those  of  neighbouring  cells  a  more  or  less  reticulated 
structure  is  produced,  within  the  meshes  of  whicli  are 
contained  mony  of  the  smaller  undeveloped  elements 
(leucocytes).     Somewhat  later  a  few  much  larger  masses 
of  protoplasm  containing  several  nuclei  (myeloid  cells) 
are  seen,  which  help  to  form  the  branched  reticulum 
This  structure,  consisting,  in  the  main,  of  single  nucleated 
more  or  less  branched  cells,  with  often  a  few  myeloid 
elements,  constitutes  what  is  known  as  granulafion-Ussue. 
With  regard  to  the  mode  of  development  of  this  tissue 
from  the  primary  inflammatory  formation— it  probably 
takes  place,  for  the  most  part,  by  the  progressive  growth 
of  some  of  the  small  cells,  although  the  investigations 
of  Ziegler  seem  to  show  that  some  of  the  larger  may  be 
formed  by  the  union  of  some  of  the  smaller  elements. 

Whilst  these  cell  changes  are  taking  place  the  tissue 
becomes  permeated  with  new  blood-vessels.  These, 
which  usually  appear  about  the  fourth  or  fifth  day,  are 
essential  to  development.  If  the  tissue  is  incompletely 
vascularised  it  undergoes  retrogressive  changes.  (See 
"  Scrofulous  Infiammotion.")  Our  knowledge  of  the 
process  of  vascularisation  is  still  somewh.nt  incomplete,  but 
it  is  probable  that  the  new  vessels  are  formed  by  the 
canalisation  of  the  branched  cells. 
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The  uest  stage  in  the  process  cnusists  in  the  develop- 
nieut  of  the  vasculariseil  gramihitiou-tissue  into  a  fibroid 
or  adenoid  structure.  Many  of  the  small  round  cells  now 
disappear,  there  is  a  tendency  in  the  large  ones  to 
become  lengthened  and  to  assume  a  spindle  shape,  the 
bodies  of  the  cells  split  up  so  as  to  form  fibrils,  the 
newly  formed  capillaries  gradually  disappear,  and  the 
richly-ccllnlar  tissue  thus  becomes  converted  into  a  more 
or  less  dense  structure,  which  is  characterised  by  the 
gradual  process  of  contraction  which  it  undergoes.  This 
is  usually  known  as  cicatricial  tissue. 


Fig.  97. 


r(n-,V/>.5  of  new  Croirfh  rrn'i/L'/K/  from  chrontc  liUhiPi- 
mntUiii  ()/■  ConiiPcUve  Tissue. — A  au  adenoiil,  n  a  iWrokl 
sti-iicture.     X  20U.  ^  - 

The  characters  of  this  new  tissue  present  certain  varia- 
tions. Sometimes  it  consists  of  closely  packed  wavy 
fibres,  amongst  which  are  a  few  elongated  spindle-shaped 
elements,  such  as  are  represented  in  Fig.  97,  b.  It  is 
equally  common  for  the  tissue  to  assume  the  appearance 
shown  in  Pig.  ()7,  a — a  dense  homogeneous  or  obscurely 
fibrillated  material,  forming  meshes  of  various  sizes, 
within  which  are  grouped  a  few  lymphoid  cells.  (See 
also  Fig.  11.3.)  'J'hese  two  varieties  are  very  frequently 
associated  in  the  same  specimen,  the  former  representing 
a  higher  degree  of  development  than  the  latter. 

Suppuration. —When  the  inflammatory  process  is  m 
intense  or  so  prolonged  as  to  prevent  the  occurrenct'  of 


328    INFLAMMATION  OF  CONNECTIVE  TISSUE. 


resolution  or  immediate  organisation,  the  young  cells 

infiltrate  the  tissue  in  such  numbers  that  they  may 

siccunmlate   so   as   to  constitute  pus.    The  pus  may 

either  become  collected  together  within  the  tissue  so  as 

Fig.  98. 


A  Gramilafmp  Siirfnce.—a.  Lnyer  of  pus.  b.  Grnmi- 
lation-tissue  with  loops  of  blood-vessels,  c.  ConimeueiDs: 
developnieut  of  t-lie  p;raiiiilatiou-tissue  iuto  a  iibrillated 
structuro.    x  200.  (Kiudfloisoh.) 

to  form  an  abscess,  or  it  may  he  continuously  discharged 
from  the  surface,  as  in  a  granulating  wound.  The 
deleterious  influence  which  the  pus  exercises  upon  the 
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tissue;;;  with  which  it  comes  in  contact,  causinsj  their 
destrnction  and  a,bsorption,  has  ab-eady  been  alluded  to. 
(See  ■'  Suppuration.") 

On/rni  imtion  after  Sitpi)t(raf  w7i.~ThiH  constitutes  what 
IS  generally  known  as  healing  by  granulation,  or  by  the 
second  intention.  It  takes  place  in  wounds  in  which, 
Irom  the  non-apposition  of  the  wounded  surfaces,  union 
by  the  first  intention  has  not  been  effected;  and  in  other 
lesions  in  which  the  injured  tissue  presents  a  free  surface, 
as  an  ulcer.  The  process  of  repair  after  the  separation  of 
a  dead  part  (demarcation  and  separation)  is  in  the  same 
way  effected  by  granulation,  as  is  also  the  closing  of  the 
cavity  left  after  the  discharge  of  the  content^  of  an 
abscess.  In  all  these  and  similar  cases  the  inflammation 
n,nd  suppuration  of  the  tissue  are  followed  by  the  forma- 
tion of  granulations,  and  by  the  subsequent  develop- 
ment of  these  into  a  fibrillated  structure. 

The  process  of  organisation  in  these  cases  is  effected,  in 
the  fii-st  place,  by  the  development  of  the  young  cells  in 
the  superficial  layers  of  the  inflamed  tissue  into  a  grann- 
lation-tissue,  in  the  same  manner  as  when  there'' is  no 
suppuration.  This  granulation-tissue,  however,  being 
situated  superficially,  and  not  being  subjected  to  pres''- 
sure,  becomes  arranged  in  the  form  of  small  papilliform 
nodules,  which  are  known  as  granulaiwns.  This  arrange- 
ment of  the  granulation-tissue  in  the  form  of  granda- 
tions  appears  to  be  determined  by  that  of  the  new 
cajjillary  blood-vessels  which  are  developed  so  rapidly  in 
It.  These  vessels  form  Httle  vascular  loops,  and"  the 
young  cells  are  arranged  around  them  so  that  each  loop 
corresponds  with  a  single  granulation.  The  deeper  layers 
of  the  granulation-tissue  gradually  become  developed 
into  afibrillated  structure,  whilst  the  cells  on  the  surface 
of  the  granulations,  together  with  the  liquids  exuded 
from  the  subjacent  vessels,  are  discharged  in  the  form  of 
pus.    (Fig.  98.) 


CHAPTER  XXXM. 


INFLAMMATION    OF  BONE. 

INFLA:^^MA.TOln"  processes  in  bono  give  rise,  for  the  most 
part,  to  an  increase  of  medullary  tissue,  and  to  softening 
of  the  compact  osseous  structure. 

The  process  takes  place  in  the  medullar}^  tissue  and  m 
the  Haversian  canals,  tlie  primary  vascular  phenomena 
being  accompanied  by  an  abundant  emigration  of  blood- 
corpuscles.  The  cells  in  the  medullary  spaces  and 
Haversian  canals  also  undergo  changes.  In  those  which 
contain  fat— the  adipose  cells— the  fat  is  absorbed.  Some 
of  the  cells  enlarge  and  their  nuclei  multiply,  and  thus 
are  produced  lai-ge  multinucleated  elements  (myeloid 
cells),  similar  to  those  usually  met  with  in  growing  bone. 
Whether  there  is  any  new  cell-formation  is  uncertain. 
As  the  result  of  these  changes,  the  medullary  spaces  be- 
come occupied  by  a  richly-cellular  tissue. 

Whilst  these  cliauges  are  taking  place  in  the  medullary 
tissue,  the  surrounding  osseous  lamella;  are  gradually 
absorbed,  the  lime  salts  are  removed,  and  in  this  way 
the  medullary  spaces  and  Haversian  cannls  increase  in 
size,  and  ultimately  become  confluent.  There  is  thus  a 
new  formation  of  medullary  granulation-tissue  at  the 
expense  of  the  compact  osseous  structure,  and  the  bone 
becomes  exceedingly  spongy,  soft,  and  vascular. 

Hthe  process  be  not  severe  it  may  occasionally,  in  its 
earliest  stage,  terminate  in  resolution.  More  commonly, 
however,  it  continues  until  more  or  less  of  the  bone 
becomes  replaced  by  the  inflammatory  tissue.    If  the 
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ill  flam  matiou  be  of  considerable  iutensity  it  leads  to  tlie 
fonnatinii  ot'i^us.  The  cellular  infiltration  increases,  the 
compact  osseous  tissue  bccoiiies  more  and  more  absorbed, 
and  the  pus  which  is  produced  may  accumulate  beneath 
the  periosteum  or  in  the  centre  of  the  bone,  so  as  to  form 
an  abscess.  This  constitutes  the  condition  known  as 
osteo-imjditis  or  acute  ustitls.  These  intense  forms  of 
inflammation  often  lead  to  necrosis  of  the  bone. 

When  the  inflammation  is  of  much  less  intensity,  the 
new  inflammatory  tissue  may  undergo  progressive  de- 
velopment, and  form  new  bone.  In  this  case  a  new  for- 
mation of  osseous  tissue  takes  place  in  the  enlarged 
Haversian  canals  and  cancellous  spaces,  so  that  the  bone 
becomes  converted  into  a  heavy  dense  structure,  consist- 
ing of  hard  compact  osseous,  with  very  little  cancellous, 
tissue.    This  is  sdernsis  of  bone. 

Periostitis.— Inflammation  of  the  periosteum  may  be 
locahsed  or  diifuse,  acute  or  chronic.  Acute  inflamma- 
tions of  the  periosteum  lead  to  the  formation  of  pus, 
which  accumulates  between  the  bone  and  the  periosteal 
membrane.  This,  by  interfering  with  the  vascular  supply, 
frequently  causes  necrosis  of  the  superficial  layers  of  the 
bone;  and  if  a  large  portion  of  the  periosteum  be  in- 
volved, and  the  inflammatory  process' extend  to  the  deeper 
parts  of  the  bone,  the  whole  bone  may  die.  Another  not 
infrequent  result  of  periostitis  is  a  chronic  superficial 
inflammation  and  caries  of  the  bone. 

When  the  inflammation  of  the  periosteum  is  less  intense 
and  more  chronic,  the  new  inflammatory  growth  produced 
m  the  deeper  layers  of  the  membrane  may  become  de- 
veloped into  osseous  tissue  (periosteal  ossification).*  The 
process  thus  causes  enlargement  of  the  bone,  or  if  this  be 
necrosed,  it  helps  to  reproduce  the  lost  structure.  (See 
"Necrosis.") 

»  Aocordiiig  to  liilli-otli,  tliis  now  o.s.soour  tissno  i.s  partly  drrivcj 
froni  tho  boue  itsi.lf,  wliiel,,  h,-  state's,  is  th,.  scat  (,t  a  siipcrlicial 
ostitis.  (See  "l;ilh-r,tlfs  !S.n-ical  l'atl,nl„^^y  an,l  Tl,elai,,,.utic.s," 
trauslatcd  by  Hacldfy.         cUit  ,  p  .li'J  ; 
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Stricdy  localised  inflammations  of  the  periosteum  occur 
in  the  formation  of  nodes,  and  here  also  there  is  frequently 
a  uew  growth  of  bone. 

Necrosis.— All  conditions  interfering  with  the  supply 
of  blood  to  a  bone  may  be  causes  of  its  death.  Necrosis 
may  thus  result  from  accident,  portions  of  bone  being 
violently  separated  from  their  vascular  connections,  or, 
more  commonly,  the  periosteum  being  stripped  off  and 
injured.  Much  more  frequently,  however,  it  is  the  result 
of  the  intense  inflammatory  processes  in  the  bone  or 
periosteum  which  have  been  described. 

The  bone,  when  dead,  undergoes  a  gradual  process  ot 
separation  from  the  adjacent  living  tissue.  This  is 
effected  in  the  same  way  as  the  separation  of  soft  struc- 
tures. (See  "  Necrosis.")  The  adjacent  hviug  bone 
becomes  the  seat  of  an  inflammatory  process,  a  granula- 
tion-tissue and  pus  are  produced,  and  by  this  meaus  the 
dead  portion  is  completely  separated.  When  separated 
it  is  termed  a  seqv.estrum. 

The  removal  of  the  sequestrum  from  the  granulation- 
tissue  with  which  it  is  in  contact  is  often  ouly  effected 
with  considerable  difficulty,  especially  if  it  be  deeply 
seated.  This  dlfBculty  is  occasionally  due  to  a  more  or  less 
thick  layer  of  the  old  bone  surrounding  the  necrosed  por- 
tion. Much  more  frequently,  however,  it  is  owing  to  the 
participation  of  the  periosteum  in  the  inflammatory 
process.  The  inflamed  periosteum  produces  new  bone,  a 
capsule  of  which  is  thus  formed,  enclosing  the  sequestrum . 
Openings  exist  in  this  capsule  {cloacce)  leading  to  the 
dead  bone,  and  through  these  openings  the  inflammatory 
products  are  discharged.  When  the  sequestrum  is  quite 
superficial,  its  removal  is,  of  course,  more  readily  eflected. 

Caries  -By  caries  is  understood  that  mflaramatory 
disintegration  of  bone  and  removal  of  the  dead  products 
which  corresponds  with  ulceration  of  soft  parts.  Canes 
is  therefore  one  of  the  results  of  inflammation  of  osseous 
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tively  slight  intensity  Lave  been  seen  to  be  cliaracterised 
histologically  by  a  gradually  increasing  production  of  an 
iuflamniatory  granulation-tissue  from  the  medullary 
tissue  of  the  bone,  and  by  the  absorption  of  the  compact 
osseous  structure.  This  absorption  of  the  bone  appears 
to  be  eft'ected  entirely  by  the  new  inflammatory  growth. 
When  these  chronic  inflammatory  processes  occur  in  the 
superflcial  layers  of  the  bone  beneath  the  periosteum,  the 
bone  is  gradually  destroyed,  and  presents  a  ragged, 
irregular,  excavated  surface.  This  is  superficial  caries,  or 
ulceration  of  bone.  The  floor  of  the  ulcer  consists  of  a 
cancellous  structure  containing  the  debris  of  the  disinte- 
grating process.  In  many  cases  there  is  a  marked  con- 
densation (sclerosis)  of  the  deeper  portions  of  the  bone. 

Chronic  inflammatory  processes  in  the  interior  of  bone 
cause  in  the  same  way  absorption  and  disintegration  of 
the  osseous  structure.  Here,  however,  the  inflammatory 
products  being  less  readily  removed,  sometimes  undergo, 
especially  in  scrofulous  children,  a  hind  of  caseous  trans- 
formation, and  the  carious  cavity  contains  molecular 
debris,  sanious  pus,  and  minute  portions  of  dead  bone. 
The  mflammatory  granulation-tissue  often  projects  as 
fungating  masses  into  the  cavity. 

Caries  is  frequently  associated  with  more  or  less  ne- 
crosis, especially,  when  the  process  affects  the  interior  of 
the  bone.  Small  portions  of  bone  are  cut  oflT  from  their 
vascular  supply,  become  detached,  and  are  found  in  the 
carious  cavity. 

There  are  two  other  morbid  conditions  of  bone,  which 
although  probably  not  coming  within  the  category  of  in- 
flammation, may  be  conveniently  described  in  the  present 
chapter— viz.  Mollities  Ossium  and  Rickets. 

MOLLITIES  OSSIUM. 

Mollifies  Ossium  or  Osteomalacia  is  a  rare  disease, 
occurring  only  in  adults.  It  is  characterised  by  a  pro- 
gressive softening  of  the  bones,  owing  to  an  increase  in 
their  medullary  tissue  and  the  destruction  of  the  com- 
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pact  osseous  straoture.  The  bones  become  so  much 
softened  that  they  can  be  easily  cut  with  a  knife  ;  they 
are  exceedingly  light,  and  bend  readily  m  all  directions. 
On  section,  the  cortical  layer  is  found  to  be  almost 
destroyed,  the  bone  consisting  of  a  wide  cancellous 
structure  containing  a  reddish,  gelatinous,  latty  material. 

The  nature  of  the  disease  is  obscure.  According  to 
Eindfleisch,  the  change  consists  in  a  decalcification  of  the 
osseous  tissue  spreading  gradually  from  the  medulla  and 
cancelli  of  the  bone.  The  decalcified  tissue  does  not 
become  so  completely  absorbed  as  in  inllamraation  of  bone, 
but  undergoes  more  or  less  of  a  mucoid  change.  iHe 
medullary  tissue  is  exceedingly  yascular,  but  unlike 
ordinary  granulation-tissue  it  usually  contains  much  tat. 
Lactic  acid  has  been  found  in  the  bone  and  m  the  unne. 
The  urine  usually  also  contains  lime  salts,  which  have 
been  removed  from  the  bone  and  elimmated  by  the 
kidneys. 

RICKETS. 

The  common  disease  of  children  so  well  known  as 
Eickets,  or  Eachitis,  is  mainly  characterised  by  certain 
alterations  in  the  bones.  The  bones  generally  are  softened 
The  ends  of  the  long  bones  are  enlarged,  and  the  flat 
bones  are  thickened.  As  a  result  of  these  alterations  the 
bones  become  deformed,  and  their  growth  is  frequently 

arrested.  , 
Eespecting  the  nature  of  this  disease,  we  are  at  present 
unable  to  speak  certainly.  It  appears  however,  to  be 
closely  associated  with  mal-nutrition,  and  all  those  con- 
ditions which  materially  interfere  with  the  nutrition  of 
the  child  may  be  causes  of  the  disease. 

The  alteration  in  the  bones  may  be  briefiy  described- 
■  as  stated  by  Sir  W.  Jenner-as  consisting  in  an  increased 
preparation  for  ossification,  bat  an  incomplete  perform- 
ance of  the  process.  In  a  growing  bone  the  zone  of  sott 
tissue  in  which  the  process  of  conversion  of  cartdagemto 
bone  is  taking  place  is  exceedingly  narrow,  the  changes 
in  the  cartilage  involving  only  one  or  two  rows  of  the 
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Ccirtilagc  cells.    la  rickets  thi.s  transition  zone  is  very 
considerably  widened,  the  changes  in  the  cartila^'e  cells 
extending  for  some  dejjth  into  the  cartilage,  and  the 
adjacent  layer  of  caucellons  tissue  being  much  broader 
than  natural.    The  junction  between  the  bone  and  the 
cartilage  is  also  exceedingly  irregular,  so  tliiit  in  some 
parts  the  cancellous  bone  extends  into  the  cartilage  much 
farther  than  in  others.     Usually  the  alterations"  in  the 
cartilage  in  the  transition  zone  are  accompanied  by  the 
calcification  of  the  new  ti.ssue  and  its  conversion  into  bone. 
In  rickets,  however,  this  calcihcatiun  takes  place  very  in- 
completely, and  thus  a  wide  layer  of  imperfectly  calcified 
soft  tissue  is  formed  at  the  growing  end  of  the  bone. 
^  A  similar  abaormality  exists  in  the  process  of  ossifica- 
tion from  the  i.eriosteum.    Here  also  the  zone  of  vascu- 
lar granulation-tissue  from  which  the  bone  is  developed  is 
exceedingly  broad,  the  calcification  of  the  tissue  is  exceed- 
ingly incomplete,  and  the  bone  thus  becomes  thickened  by 
a  soet,  vascular,  and  very  imperfectly  calcified  structure. 
As  the  bone  grows  the  medullary  cavity  naturally  widens, 
and  the  compact  tissue  becomes  absorbed.    This  imper- 
fect formation  of  osseous  tissue  from  the  periosteum  pro- 
duces, therefore,  considerable  softening  and  weakeuino-  of 
the  bone.  ° 

The  changes  in  the  bones  in  rickets  thus  closely  re- 
semble those  which  occur  in  the  normal  process  of  ossi- 
h.;ation.     There   is   the  same  change  in  the  cartilao-o 
cells  and  m  the  deeper  periosteal  layers,  but  this  chan-e 
involves  abnormally  large  areas.     The  development  of 
the  young  cells  and  the  transformation  of  the  new  tissue 
iippeai-s  also  to  be  more  or  less  incomplete.    In  many 
parts  the  young  elements  do  not  form  perlbct  bone-cells, 
but  simply  angular  cells  without  caualiculi,  whilst  in 
others  the  development  may  be  much  more  complete 
Various  transitions  are  thus  met  with  between  tolerably 
well-developed  and  very  imperfect  bone-structure,  but 
owing  to  the  deficiency  of  lime  salts  this  structure  is 
very  imperfectly  and  very  irregularly  calcified 
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INFLAMMATION  OF  AUTERIES. 

In  studving  the  process  of  inflammation  in  arteries,  it 
must  be  borne  in  mind  that  the  inner  coat  of  these 
vessels  is  non-vascular,  the  blood-vessels  being  distributed 
in  the  external  layers. 

Acute  and  chronic  inflammations  of  arteries  are  a  very 
frequent  result  of  coagulation  of  the  blood  within  the 
vessel  (thrombosis).    Snch  inflammations  have  been  con- 
sidered in  the  chapter  on  Thrombosis.    Independently  of 
thrombi,  the  most  acute   inflammatory    processes  in 
arteries  are  for  the  most  part  the  results  of  injuries  from 
violence,  or  of  inflammation  in  adjacent  tissues.  Here, 
the  histological  changes  are  principally  conflned  to  the 
external  coat  of  the  vessel.     This  becomes  exceedingly 
hypera3mic  and  infiltrated  with  small  cells,  the  cellular 
infiltration  involving  also  the  middle  coat.     As  a  con- 
sequence of  these  changes  in  the  outer  coats  the  vitality 
of  the  intiina  may  be  impaired  or  destroyed,  and  when 
this  has  occurred  the  blood  contained  within  the  vessel 
coagulates. 

Atheroma.— The  more  chronic  forms  of  arterial  in- 
flammation give  rise  to  changes  which  are  most  marked 
in  the  deeper  layers  of  the  mner  coat,  where  they  produce 
those  various  alterations  in  the  walls  of  the  vessel  included 
under  the  common  term— atheronia.  In  the  earhest 
stage  of  the  inflammatory  process  the  fibrous  and  elastic 
lam°elliB  of  the  inner  coat  of  the  vessel  become  infiltrated 
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with  small  colls,  which  are  probably  partly  emigrants, 
and  partly  derived  from  the  cells  of  these  structures.  As 
these  cells  increase  in  nnniber  they  give  rise  to  a  swelling 
beneath  the  innermost  layers  of  this  coat  or  the  artery. 
(Fig.  9.\)    This  swelling  of  the  intima  is  very  charac- 


Athernma  or tho.  ^/or/re.— Showing  the  cellular  infiltration 
of  the  rlecpcr  layers  of  the  inner  eoat,  and  the  eou.seqnent 
internal  bulsring  of  the  vessel.  The  new  tissue  lins  under- 
gone more  or  less  fatty  degeneration.  There  is  also  some 
oellular  infiltration  of  tho  middle  coat.  /.  internal,  m. 
miQdle,  e.  external  coat  of  vessel,     x  50,  reduced  h. 

teristic.  It  is,  in  the  earlier  stage  of  the  process,  of  a 
soft  flabby  consistence,  and  the  lining  membrane  which 
13  continuous  over  it  can  be  stripped  off,  leaving  the 
diseased  tissue  beneath.    It  thus  contrasts  strongly  with 

z 
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the  superficial  patches  of  fatty  degeneration  which  result 
from  the  fatty  metamorphosis  of  the  endothelial  and 
connective-tissue  cells  of  the  vessel.  (See"  Fatty  Dege- 
neration of  Arteries.") 

The  results  of  the  inflammatory  process  will  depend 
upon  its  severity.  If  the  process  be  very  intense,  the 
young  elements  accumulate  rapidly  and  infiltrate  the 
middle  and  external  coats,  so  that  the  walls  of  the  vessel 
become  so  much  softened,  that  dilatation,  aneurism,  or 
rupture  may  ensue.  Such  acute  changes  are  a  common 
cause  of  aneurism.  The  inflammation,  however,  is  usually 
of  less  intensity  and  runs  a  more  chronic  course,  and  it 
is  only  to  these  more  chronic  arterial  changes  that  the 
term  "atheroma"  is  commonly  applied. 

When  the  process  is  less  intense  and  more  chronic  in 
its  course,  it  leads  to  various  alterations  in  the  wall  of  the 
vessel.    The  soft  cellular  infiltration  of  the  deeper  layers 
of  the  intima  usually  undergoes  retrogressive  changes, 
owing  to  deficient  nutritive  supply.    These  changes  com- 
mence in  the  deeper  portions  of  the  new  tissue.  The 
young  cells  undergo  fatty  degeneration,  the  intercellular 
substance  softens,  and  thus  a  soft,  yellowish,  pultaceous 
material  may  be  produced  beneath  the  lining  membrane 
of  the  vessel.    This  has  been  termed  an  atlieromaiov.s 
abscess.    The  lining  membrane  may  ultimately  give  way 
and  the  softened  matters'be  carried  away  by  the  circu- 
lation, and  thus  is  produced  the  atheromatous  nicer. 
In  other  cases  the  more  liquid  constituents  of  the  de- 
generated tissue  gradually  become  absorbed,  cholesterin 
forms,  and  thus  a  mass,  consisting  of  broken-down  fibres 
and  cells,  fatty  debris,  and  cholesterin  crystals,  with  a 
varying  quantity  of  the  original  fibrillated  tissue,  re- 
mains in  the  deeper  layers  of  the  inner  coat.    (Fig.  99.) 
This  may  si^bsequently  calcify,  and  so  form  a  calcareous 
plate. 

In  the  most  chronic  forms  of  the  atheromatous  process 
there  is  more  or  less  fibrillation  of  the  new  tissue,  and 
thus  is  produced  a  filroid  thickenimj  of  the  inner  coat  of 
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the  artery.  The  organisation,  however,  is  rarely  com- 
plete, more  or  less  fatty  debris  being  usually  enclosed  in 
the  fibroid  stroma. 

Eespecting  the  causes  of  these  chronic  arterial  inflam- 
mations included  under  the  common  term  of  atheroma — 
they  are  probably  mainly  due  to  over-strain  of  the  vessel, 
the  strain  exercising  a  chronic  injirrious  influence.  This 
view  has  been  especially  insisted  upon  by  Dr.  Moxou.* 
It  IS  supported  by  the  fact  that  those  vessels  which  are 
the  most  exposed  to  strain  are  the  most  liable  to  this 
disease— e.r/.,  the  arch  of  the  aorta;  also  by  the  exceeding 
frequency  of  atheroma  in  all  those  conditions  in  which 
there  is  an  increase  of  the  blood-pressure.  The  efi'ect  of 
increased  blood-pressure  as  a  cause  of  atheroma  is  seen 
in  the  liability  of  athletes  to  the  disease ;  and  also  in  the 
frequency  with  which  it  occurs  in  chronic  Bright's  disease, 
and  in  the  pulmonary  vessels  in  cases  of  mitral  obstruc- 
tion, &c.  The  occurrence  of  atheroma  is  also  favoured 
by  syphilis. 


IXFLAIIMATIOX  OF  VEINS. 

Inflammatory  processes  in  veins  are  more  frequent 
than  in  arteries,  but  here  they  are  in  the  very  great 
majority  of  cases  secondary  to  coagulation  of  the  l^lood 
within  the  vein  (thrombosis),  the  coagulum  exercising 
an  injurious  influence  upon  the  coats  of  the  vessel 
These  inflammations  resulting  from  thrombosis  have 
already  been  described.     (See  "  Kesults  of  Thrombosis.") 

The  inner  coat  of  the  veins  is,  like  that  of  the  arteries, 
non-vascular,  and  hence  acute  inflammatory  changes 
are,  for  the  most  part,  confined  to  the  external  and 
middle  coats.  Independently  of  inflammations  resulting 
from  thromboses,  the  lining  membrane  of  veins  appears 
to  undergo  no  inflammatory  changes. 


•  "Looturo.s  on  ratliological  A uatuniy.'' 
2nd  edit.,  p.  150. 


Wilks  iiiid  Moxuii, 
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Acute  and  chronic  inflammatory  processes  in  veins  are, 
as  already  stated,  most  frequently  due  to  thrombosis. 
They  may  also  result  from  violent  injury,  or  from  the 
extension  of  inflammation  from  adjacent  tissues.  The 
process,  when  acute,  closely  resembles  that  in  the  arte- 
ries The  external  and  middle  coats  become  infiltrated 
with  cells,  the  vitality  of  the  intima  ultimately  becomes 
impaired  or  lost,  and  when  this  has  occurred  the  blood 
within  the  vein  coagulates. 


CHAPTEU  XXXVIIL 


INFLAMMATION  OF  THE  HEART. 

Inflammatory  processes  in  the  heart  may  affect  the 
substance  of  the  organ,  or  the  endocardium.  They  are 
much  more  frequent  in  the  last-named  situation. 

ENDOCARDITIS. 

Endocarditis  is  for  the  most  part  limited  to  the  valves 
of  the  heart,  although  it  is  occasionally  met  with  involving 
more  or  less  of  the  cardiac  cavities.  The  process  is 
almost  exclusively  confined  to  the  left  side  of  the  organ, 
and  in  the  great  majority  of  cases  it  commences  in,  and 
comparatively  rarely  extends  beyond,  the  cpnfines  of  the 
aortic  and  mitral  valves  and  the  corresponding  orifices. 
Further — it  is  those  portions  of  the  valves  which  come 
into  contact  in  the  act  of  closure,  and  are  thus  viost  ex- 
posed to  friction,  which  are  especially  involved,  and  in 
which  the  changes  usually  commence.  Thus,  in  the  aortic 
valves,  it  is  the  convex  surfaces  of  the  segments  which 
are  most  liable  to  be  affected,  and  not  the  free  edge  of  the 
segmeot,  but  the  little  band  of  tissue  which  passes  from 
its  attached  border  to  the  corpus  Arantii  in  the  centre 
(Fig.  100)  ;  and  in  the  mitral  valve,  the  auricular  surface 
of  the  segments  at  a  little  distance  from  the  attachment 
of  the  chonlas  tendinere  (Fig.  101).  When  portions  of  the 
endocardium  apart  from  tlie  valves  are  affected,  this  is 
frequently  duo,  as  pointed  out  by  Dr.  Moxon,  to  the 
irritation  caused  by  tlie  friction  of  vegetations  or  fibrinous 
clots  situated  on  the  valves  themselves  (Fig.  102). 
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The  histological  changes  accompanying  endocarditis 
closely  resemble  those  already  described  as  occurring  in 

Fig.  100.  Fig.  101. 


Inflammation  of  Aortic  Valves.—         Inflammntion  of  Mitral  Valve 
The  earlier  stage  of  the  process.      The  earlier  stage  of  process.  V  alve 
Showing  the  situation  of  the  in-      seen  from  the  auncular  surface, 
flammatory  granulations.  Showing  the  situation  of  the  in- 

flammatory granulations. 


Fig.  102. 


Endocarditis  dve  to  Friction.— The  dmwing  represents 
a  long  vegetation  on  one  of  the  segments  of  the  aortic 
valve,  which  by  rubbing  on  the  eudoeardinm  below  has 
produced  numerous  inflammatory  granulations  (A). 
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tlioso  move  chronic  forms  o£  arterial  iuiiammatiou  kuowu 
as  atheromatous.  The  endocardium  and  inner  coat  of 
an  artei-y  are  very  analogous  in  their  structure,  both 
heing  non-vascular,  and  consistiuo-  of  a  layer  of  connec- 
tive tissue  with  an  internal  endothelial  covering-.  The 
inrtamnuxtory  process  may  be  acute  or  chronic. 

Acute  Endocarditis. — If  the  process  be  acute,  the 
deeper  layers  of  the  endocardium  become  rapidl}^  infil- 
trated with  young  cells,  and  as  these  increase  in  number 
the  intercellular  substance  becomes  softened  and  de- 
stroyed, and  thus  is  produced  a  soft  tissue  composed 

Fig.  103. 


Acute  EiidrtcanlUis. — A  granulation  from  the  mitral 
valvi',  showing  a  fibi-inous  ooagnlum  upon  the  sm-face 
of  the  granulation,     x  10  (Rindfleisch.) 

almost  entirely  of  cells  such  as  always  results  from 
inflammatory  processes  in  connective  tissue.  The  new 
tissue  as  it  increases  tilts  up  the  superjacent  endo- 
thelium and  projects  in  the  form  of  minute  granulations 
and  vegetations  upon  the  surface  of  the  softened  valve. 
(8ee  Figs  100  and  101.)  The  endothelial  elements  pro- 
bably also  participate  in  the  active  process. 

The  above  changes  take  place  in  an  almost  non-vas- 
cular tissue,  and  although  there  is  more  or  less  increase  of 
vascularity  in  the  more  external  endocardial  layers,  w^here 
the  capillaries  are  more  numerous,  there  is  rarely  any 
redness  or  injection  of  the  endocardium  seen  after  death. 
Xcither  is  there  usually  any  liquid  exuded  upon  the 
surface  of  the  granulations.  What  was  formerly  regarded 
as  an  exuded  material,  is  in  the  main  coagulum  which  has 
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been  deposited  from  the  Ijlood  upon  tlie  roughened  sur- 
face of  the  valve.  This  deposition  of  coagulum  frequently 
occurs  in  endocarditis,  the  roughened  and  abnormal  endo- 
cardium acts  as  a  foreign  body  and  so  causes  a  deposition 
upon  its  surface.  This  must  not  be  confounded  with  the 
vegetations  themselves.    (Fig.  103.) 

The  results  of  this  cellular  infiltration  vary.  If  the 
]jrocess  be  very  intense  the  new  tissue  may  break  down 
and  thus  a  loss  of  substance  result— an  endocardial 
ulcer.  This  takes  place  without  any  accumulation  of  cells 
sufficient  to  form  an  abscess,  the  new  tissue  simply  be- 
coming rapidly  softened  and  disintegrating.  In  rare 
cases,  however,  small  quantities  of  pus  are  found  in  the 
deeper  endocardial  layers.  The  ulcer  is  irregularly 
defined,  and  its  edges  are  usually  swelled  and  thickened. 
This  ulcerative  endocardifis  is,  however,  not  frequent,  the 
process  usually  being  less  acute.  The  ulceration  may  lead 
to  perforation  of  the  valve,  or  to  a  considerable  destruc- 
tion of  its  substance.  Laceration  or  aneurism  of  the  valve 
may  also  ensue  from  the  pressure  exercised  by  the  blood 
ae-ainst  the  damaged  tissue.  Sometimes  the  ulcerative 
process  extends  so  as  to  involve  the  cardiac  substance. 
Ulcerative  endocarditis  is  a  grave  affection,  often  giving 
rise  to  embolism,  and  sometimes  to  a  pytEmic  process. 

"When  the  inflammatory  process  is  less  intense,  as  is 
much  more  commonly  the  case,  the  new  tissue  becomes 
incompletely  organised  into  a  fibrillated  strucvure,  whilst 
it  undergoes,  in  part,  fatty  and  calcareous  degeneration. 
These  changes  may  result  in  the  adhesion  of  the  valves, 
either  to  one  another  or  to  the  walls  of  the  heart.  They 
always  produce  permanent  thicheniiig,  rigidiiy,  and 
slLTvnlcincj  of  their  structure.  The  new  tissue  may  con- 
tinue to  grow  after  the  severity  of  the  process  has  sub- 
sided, and  thus  are  produced  the  vegetations  and  papil- 
lary excrescences  on  the  valves  which  are  so  commonly 
met  with.  (See  Fig.  102.)  These  consist  of  a  lowly 
organised  tissue,  which  tends  to  undergo  fatty  and  cal- 
careous changes. 


MYOCARDITIS. 


345 


Ciiitoxic  E.VDOCArvDiTis — This  may  be  the  scqiiel  of 
acute  iuHammation,  or  the  process  may,  from  its  com- 
meucement,  be  chronic  in  its  nature.  In  chronic  endo- 
carditis the  cellular  iufilti-ation  is  much  less  rapid  and 
abundant  than  in  the  acute  form  ;  the  intercellular  sub- 
stance consequently  becomes  much  less  softened  and 
destroyed,  and  the  new  tissue  has  a  much  greater  ten- 
dency to  become  developed  into  a  fibrillated  structure. 
The  result  of  these  chronic  processes  is  therefore  to  pro- 
duce a  fihroid  thicheniag  of  the  endocardium,  and  so  to 
cause  considerable  induration  and  contraction  of  the 
valves  or  valvular  oridcos.  The  new  tissue  someiimes 
forms  papillary  .c^rowths  on  the  valves,  which  undergo 
partial  fatty  and  calcareous  changes.    (Ree  Pig.  102  ) 

MYOCARDITIS. 

Myocarditis,  or  inflammation  of  the  cardiac  substance, 
is  much  less  frequent  than  the  preceding.  Intense  and 
concentrated  inflammations  leading  to  the  foi-matiori  of 
abscess  probably  occur  only  as  the  result  of  a  pyaamic 
process.  Less  intense  and  more  diffuse  forms  of  cardiac 
inflammation  are  also  not  unfrequently  met  with  in  asso- 
ciation with  pericarditis,  and,  less  commonly,  with  endo- 
carditis. Here  the  inflammatory  process  appears,  by 
extension,  to  involve  the  immediately  adjacent  muscular 
layers  of  the  organ,  which  are  found  infiltrated  with 
small  cells,  the  fibres  themselves  being  softened  and 
granular. 

In  addition  to  the  above,  a  form  of  myocarditis  must 
be  recognised  in  which  the  substance  of  the  heart  becomes 
more  generally  involved.  In  certain  cases  of  acute  rheu- 
matism the  muscular  tissue  of  the  heart  is  found  after 
death  swollen,  softened,  opaque,  and  occasionally  faintly 
mottled  with  slightly  yellowish  patches.  Wlien  e.vamined 
microscopically,  the  fibres  are  seen  to  have  lost  their 
striation  and  to  be  finely  granular,  their  nuclei  are  large 
and  prominent,  and  small  cells  are  found  in  varying 
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nambers,  infiltrating  the  intermnscular  tissue  (Fig.  104-). 
I  have  met  with  these  appearances  in  two  or  three  cases 


Fig.  10-i. 


Acute  iVyocarditls— From  a  cnse  of  acute  rheumatTsm. 

a.  - A  thiu  section  of  the  left,  ventricle  made  in  the  direction 
of  the  muscular  fibres,  showing  the  granular  and  swollen 
condition  of  the  fibres,  aud  the  proraiuence  of  their  nuclei. 

b.  A  transverse  section,  showing  the  cellular  infiltration  of 
the  intermuscular  tissue,    x  2U0. 

of  acute  rheumatism,  and  they  must,  I  think,  be  regarded 
as  evidence  of  the  existeuce  of  an  acute  inflammatory 
process.  The  change  is  most  marked  in  the  left  ventricle, 
and  it  is  usually  associated  with  endo-  or  peri-carditis. 
It  is  a  grave  complication  of  acute  rheumatism,  and  pos- 
sibly of  some  other  diseases,  and  is  probably  more  frequent 
than  is  generally  supposed. 

Fibroid  Induration  op  the  Heakt.— This,  a  com- 
paratively rare  condition,  is  probably,  in  most  cases,  a 
result  of  myocarditis.  The  change  is  characterised  by 
the  development  of  a  fibrillated  tissue  between  the 
muscular  elements.  The  process  commences  in  the 
intermuscular  septa  around  the  blood-vessels.  This 
becomes  infiltrated  with  small  cells,  which  tend  to  become 
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developed  iuto  a  fibrillatcd  structure.  (Fig.  105.)  The 
growth  of  uew  tissue  gradually  extends  between  the 
bundles  of  muscular  fibres,  so  that  ultimately  each  fibre 

Fig.  lo.j. 


Fibroid  Induration  of  tlie  Heart. — A  thin  section  from 
the  w:ill  of  the  left  ventricle,  sliowiug  the  small-cellerl 
growth  in  the  intermuscular  septa  around  the  blood- 
vessels,   a.  a.  vessels,    x  200. 

may  be  surrounded  by  a  tract  of  dense  fibroid  'tissue. 
(Fig.  106.)    The  muscular  fibres  themselves,  owing  to  the 

Fig.  106. 


Fihrciiil  Indiiralirm  of  the  Heart. — A.  section  froni  tlie  left 
vcntrich'  of  the  same  lieai't  as  Fig.  10.0,  showing  a  more 
advanced  stage.  Tlio  fibroid  tissu(!  surr(ni7idH'  tlio  in- 
divichial  muscidar  fibres,  which  are  undergoing  fally 
dc^generatiuu.    x  'JUO. 
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resulting  interference  with  their  nutritive  supply,  atrophy, 
undergo  fatty  metamorphosis,  and  are  gradually  replaced 
by  the  fibroid  growth.  (Fig.  106.)  Yery  frequently  the 
cellular  nature  of  the  growth,  which  I  beheve  to  charac- 
terise the  earlier  stages  of  its  development,  is  not  seen, 
the  new  issue  being  simply  fibroid.* 

Fibroid  induration  of  the  heart  appears  in  most  cases 
to  be  induced  by  inflammatory  processes  commencing  in 
the  peri-  or  eudo-cardium.  When  secondary  to  peri- 
carditis, the  change  is  usually  most  advanced  in  the  more 
external  portions  of  the  cardiac  walls,  and  it  commonly 
affects  both  the  right  and  left  ventricles.  When,  on  the 
other  hand,  an  endocarditis  is  the  precursor  of  the  indu- 
rative process,  the  change  is  more  marked  in  the  mternal 
muscular  layers,  and  inasmuch  as  inflammatory  processes 
in  the  endocardium  occur  almost  exclusively  in  the  left 
cardiac  cavities,  the  left  ventricle  is  principally  involved. 
In  other  cases  the  fibroid  growth  appears  to  be  the  result 
of  syphilis.    (See  "  SyphiHs.") 

Although  the  growth  of  new  tissue  is  thus  usually 
more  advanced  in  certain  portions  of  the  muscular  walls 
than  in  others,  it  is  by  no  means  uniformly  distributed. 
In  some  parts  it  may  be  very  dense,  the  muscular  fibres 
being  entirely  obliterated,  whilst  in  others  it  is  entirely 
wanting,  and  the  muscular  elements  present  a  normal 
appearance. 

Fibroid  induration  of  the  heart— excluding  that  result- 
ing from  syphilis— ai)pears  to  occupy  the  same  patholo- 
gical position  as  similar  fibroid  changes  in  other  organs— 
e.g.,  in  the 'liver  and  kidneys.  It  must  therefore  be 
regarded  as  the  result  of  a  chronic  inflammatory  process 
—a  chronic  myocarditis.  Its  effect  must  evidently  be  to 
interfere  very  materially  with  the  motor  power  of  the 


*  Dr  Hiltnn  Fn-£ro,  in  a  sorics  of  eleven  cases  of  fibroid  disease 
of  the  lieart,  found  that  cellular  elements  in  the  new  prowl h  were 
almost  invariably  absent.  (See  Trans,  rati,.  Soc.  Lon.l,  vol.  xxv 
p. 
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organ,  and  it  conseqiiently  constitutes  one  of  the  most 
grave  of  all  cardiac  diseases. 

The  cardiac  walls  may  become  mnch  thickened  by  the 
new  growth,  and  the  induration  of  texture  is  often  very 
considerable.  In  the  specimen  from  which  the  accom- 
panying drawings  were  made  the  walls  of  the  left 
ventricle  were  so  hard  that  they  cut  almost  Like  a  piece 
of  tendon. 


CHAPTER  XXXIX. 


INFLAMMATION  OF  LYMPHATIC  STEUCTUEES. 

Inflammatory  processes  in  lymphatic  structiu'es  nsuallj' 
result  from  their  injury  by  substances  conveyed  to  them 
by  the  lymphatic  Tes:<els.  They  include— ac«f^  and 
chronic  inflammations,  and  the  specific  inflammation 
associated  with  Tyi^lwid  Fever.  Each  of  these  must  be 
considered  separately. 

ACUTE  INFLAMMATION  OY  LYMPHATIC  STRUCTUEES. 

Examples  of  acute  inflammation  of  lymphatic  structures 
are  furnished  by  the  inflammation  of  the  glands  in  the 
axilla  from  a  wound  on  the  hand,  of  the  glands  in  the 
groin  from  gonorrhoea,  and  of  Peyer's  and  the  solitary 
glands  in  the  intestine  from  inflammation  of  the  intestinal 
mucous  membrane. 

The  process  consists  in  a  hyperismia  of  the  gland  to- 
gether with  a  rapid  increase  in  the  number  of  the  lymph- 
cells.  This  increase  is  probably  due,  partly  to  a  hyper- 
plasia of  the  original  cells  of  the  gland,  and  partly  to 
the  migration  of  blood-corpuscles.  The  cells  not  only 
increase  in  number,  but  many  of  them  become  much 
larger  in  size,  and  their  nuclei  multiply.  The  cells  of  the 
trabeculse  also  participate  in  the  active  process.  The 
increase  in  the  size  of  the  elements  and  the  mirltiplica- 
tion  of  their  nuclei  usually  leads  to  the  production  of 
gome  larger  cells  containing  two  or  three  nuclei.  These 
have  been  already  alluded  to  as  being  frequently  met  with 
in  lymphatic  structures  which  are  undergoing  active  pro- 
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cesses.  (Sec  Fil;-.  ."8.)  Owiug  to  these  clianges  tlae  gland 
becomes  considerably  increased  in  size,  soft  and  pulpy  in 
consistence,  and  its  cortical  and  medullary  parts  are  no 
longer  distinguishable. 

U]5on  the  removal  of  the  injurioiis  influence  the  process 
may  gradually  subside,  the  new  elements  undergo  dis- 
integi-ation  and  absorption,  and  the  gland  returns  to  its 
normal  condition  (Eesolution).  In  other  cases  the  process 
goes  on  to  suppuration,  the  trabecuIsR  are  destroyed, 
many  of  the  cells  become  disintegrated,  and  the  loculi  of 
the  gland  become  filled  with  pus.  This  is  usually  asso- 
ciated with  inflammation  and  suppuration  of  the  sur- 
rounding connective  tissue.  In  the  glands  of  a  mucous 
membrane  the  process  gives  rise  to  what  is  known  as  a 
follicular  abscess. 


CHRONIC  INFLA.MJIATION  OP  LYlirilATIC  STRUCTUEES. 

Chronic  inflammations  of  lymphatic  structures  result 
from  injuries  which  are  less  severe  and  more  prolonged 
m  their  action  than  those  which  give  rise  to  the  aciite 

Fig.  107. 


C'lirniiii:  [njlamn  (itlon  of  a  Lumjilidllc  (Ihiitd. — 
Showing  till!  iiicreiise  iu  tliu  stroma,  luid  Ihi^ 
(liniiMufioii  iu  tlie  uumber  of  tlio  lyinpLoiil 
cell.s.    X  200. 

form.  The  resisting  cellular  infiltration  of  the  gland  is 
consequently  a  more  continuous  one,  and  the  gland  be- 
comes more  or  less  permanently  increased  in  size.  The 
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reticTiluni  is  also  considerably  involved.  These  chronic 
inflammatory  processes  differ  from  the  acute,  inasmuch 
as  they  lead  to  a  gradually  increasing  development  of  the 
reticular  structure  of  the  gland. '  The  reticulated  network 
becomes  thicker  and  more  fibrous,  its  meshes  become 
smaller  and  smaller,  the  lymph-cells  diminish  in  number, 
and  thus  the  gland  becomes  hard  and  fibrous  in  con- 
sistence.   (Fig.  107.) 

Scrofulo'us  Glands— In  those  chronic  inflammations  of 
the  lymphatic  glands  which  occur  in  scrofulous  subjects, 
and  in  which  the  glands  tend  to  become  caseous,  the 
changes  resemble  those  which  have  been  already  described 
as  characteristic  of  scrofulous  inflammation.  (See  "  Scro- 
fulous Inflammation.")    The  cellular  infiltration  is  con- 
siderable, there  is  but  little  tendency  to  absorption,  and 
many  of  the  cells  increase  in  size,  and  even  form  multi- 
nucleated elements.    The  gland  thus  becomes  enlarged, 
soft,  and  elastic  in  consistence,  and  of  a  uniform  greyish- 
white  colour.    Owing  to  the  obstruction  to  the  circulation 
caused  by  the  pressure  of  the  cellular  infiltration,  the 
gland  undergoes   retrogressive  changes   and  becomes 
caseous.  The  caseous  material  may  subsequently  liquefy, 
or  become  infiltrated  with  calcareous  particles.  Many 
caseous  lymphatic  glands  are  tuberculous  (see  "Tuber- 
culosis of  Lymphatic  Glands")- 

INFLAMMATION  OP  LYMPHATIC  STRUCTURES  Dv 
TYPHOID  FEVER. 

The  inflammatory  processes  which  occur  in  the  lym- 
phatic structures  in  Typhoid  Fever  have  their  seat  in  the 
spleen,  in  the  lymphatic  structures  of  the  intestine,  and 
in  the  mesenteric  glands. 

The  Spleen. — In  the  spleen  the  change  resembles  that 
which  occurs  in  many  of  the  other  acute  febrile  diseases, 
although  it  reaches  its  maximum  in  typhoid.  The  splenic 
tissue  becomes  exceedingly  vascular  and  the  lymphatic 
elements  increase  rapidly  in  number,  so  that  the  organ 
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"(ten  attains  two  or  three  times  its  natural  size.  Many 

the  ucw  oleiiieuts  enter  the  blood,  tlui.s  causing  a  slifi'lit 
temporary  increase  in  the  number  oL'  white  blood-cor- 
puscles. As  the  fever  subsides,  the  hyperoBmia  diminishes, 

iny  of  the  new  elements  uudergo  disintegration  and  ab- 
a  irption,  the  I'emainder  enter  the  blood,  and  thus  the  organ 
again  attains  its  normal  characters  and  dimensions. 

The  liitesthial  Lymphatic  Sfnictnres. — It  is  in  the 
solitary  and  Peyer's  glands  that  the  most  characteristic 
changes  take  place  in  tyi^hoid  fever.  These  structures 
may  be  involved  throughout  the  whole  of  the  small  and 
large  intestine,  but  in  most  cases  the  process  is  limited  to 
those  in  the  ileum  and  CEccum ;  and  those  glands  are 
always  the  most  aiFected  which  are  situated  the  nearest 
to  the  ileo-ctecal  valve. 

The  primary  change  here  consists  in  a  hyperasmia  and 
cellular  infiltration  of  the  glands.  Many  of  the  cells 
increase  considerably  in  size,  so  as  to  form  the  multi- 
nucleated elements  already  alluded  to.  Both  Peyer's 
patches  and  the  solitary  glands  thus  become  considerably 
enlarged  and  prominent,  standing  up  above  the  surface 
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of  the  intestine.  (Fig.  108.)  They  arc  of  a  greyish-white 
or  pale  reddish  colour,  and  of  a  soft,  bram-like  consistence. 

A  A 
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The  sunmmding  mucous  membraue  is  also  exceedingly 
vascular,  aud  is'  the  seat  of  an  acute  catarrhal  process. 
This  catarrh  is  more  or  less  general,  and  usually  ]jrecedes 
the  swelling  of  the  glands.  The  cellular  infiltration,  in 
many  parts,  rapidly  extends  heyond  the  confines  of  the 
glands  into  the  immediately  surrounding  and  subjacent 
tissues,  and  even  in  some  cases  into  the  muscular  coat. 

The  process  now  passes  into  the  second. stage— that  of 
the  death  and  disintegration  of  the  newly  formed  tissue. 
This  may  terminate  in  various  ways.  The  enlarged 
glands,  many  of  them,  subside,  the  new  elements  become 
disintegrated  and  are  absorbed,  and  the  gland  thus  un- 
dergoes a  gradual  process  of  resoJnflon.  In  others,  the 
individual  follicles  of  the  gland  rupture,  discharging  then- 
contents  externally,  and  the  patches  then  acquire  a  pecu- 
liar reticidated  appearance.  The  most  characteristic 
termination,  however,  of  the  typhoid  process,  is  the  sepa- 
ration of  the  dead  tissue  as  a  slough,  and  the  formation 
of  the  typhoid  nicer. 

The  process  of  sloughing  and  ulceration  may,  hke  the 
cellular  infiltration,  take  place  uniformly  throughout  the 

■whole  gland,  in  which  case  the 
whole  mass  is  thrown  off.  leav- 
ing an  ulcerated  surface  cor- 
responding iu  size  with  that 
of  the  gland.  (Fig.  109.)  More 
commonly,  however,  in  the 
patches,  the  sloughing  com- 
mences in  different  portions  of 
the  patch,  and  small  irregular 
losses  olsubstanceresult,which 
may  gradually  extend  until 
they  form  one  large  ulcer, 
stated,  the  cellular  infiltration 
confines  of  the  glands,  this  is 
The  peripheral  iufil- 
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A  Tuphoid  Ulcer  of  ike 
Iidestiiw. 


Although,  as  already 
may  extend  beyond  the 
rarely  the  case  with  the  ulceration. 

tration  undergoes  resolution,  and  hence  the  ulcers  have 
the  same  configuration  as  the  original  glands  ;  those  ongi- 
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i;;itiag  from  the  patches  being  oval,  with  their  long-  dia- 
meter in  the  direction  of  the  gut ;  and  those  originating 
iu  the  solitary  glands  being  spherical  in  shape.  In  rare 
cases,  when  there  is  much  infiltration  of  the  surrounding 
mucous  membrane,  the  nlceration  may  extend  slightly 
beyond  the  confines  of  the  glands. 

AVith  the  sloughing  and  disintegration  of  the  new  tissue 
the  process  of  infiltration  ceases,  and  hence  there  is  no 
induration  or  thickening  of  the  base  or  edffes  of  the 
ulcer.  The  base  is  smooth,  and  is  usnally  formed  of  the 
subrancons  or  mnscular  coat  of  the  intestine.  The  edges 
are  thin  and  undermined,  and  consist  of  a  well-defined 
fringe  of  congested  mucous  membrane.    (Fig  110.)  This 

Fig.  110. 


 c 


A  Tjjjihoid  Ulcer  of  the  Intestine  {diagrammatic). — Show- 
iD<r  the  undermined  edges  of  the  ulcer,  and  the  sh)ugh  still 
adherent,  a.  Epithelial  liuiug.  b.  Submucous  tissue. 
c.  Muscular  coat.    d.  Peritoneum. 


is  best  seen  when  the  gnt  is  floated  in  water.  In  some 
cases,  however,  the  sloughing  extends  deeper  through  the 
muscular  layer  to  the  snb-peritoneal  tissue,  and  it  may 
thus  cause  perforation  and  peritonitis. 

The  third  stage  of  the  process  is  that  of  cicatrisation. 
This  takes  place  by  the  resolution  of  the  perijDheral  infil- 
tration, tlie  approximation  and  union  of  the  undermined 
edges  with  the  floor  of  the  ulcer,  and  the  gradual  forma- 
tion from  the  margin  of  an  epithelial  covering.  The 
gland-structure  is  not  regenerated.  The  resulting  cica- 
trix is  slightly  depressed,  and  less  vascular  than  the 
surrounding  mucous  membrane.  There  is  no  puckering 
or  diminution  in  the  calibre  of  the  gut.  In  some  cases, 
however,  cicatrisation  does  not  taJic  place  so  readily,  and 
the  floor  of  the  ulcer  becomes  the  seat  of  a  nccoiidto-i/ 
ulceration.  This  usually  takes  place  after  the  general 
disease  has  run  its  course,  or  during  a  relaiJse.  I'rol'u.se 
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hasniorvhage  and  perforation  more  commonly  result  from 
the  secondary  ulceration  than  from  the  primary  sloughing 
of  the  glands. 

The  Mesenteric  Glands.-The  change  in  the  mesenteric 
glands  is  probably  secondary  to  that  in  the  intestine- 
These  glands  become  the  seat  of  an  acute  cellular  iufil- 
tratiou,  •  and  are  enlarged,  soft,  and  vascular.  They 
usually,  like  many  of  the  glands  in  the  intestine  and  the 
spleen,  undergo  a  gradual  process  of  resolution.  In  rare 
cases,  however,  the  capsule  of  the  gland  is  destroyed, 
and  the  softened  matters  may  escape  into  the  peritoneal 
cavity  and  so  cause  peritonitis.  The  enlarged  glands 
may  also  become  caseous,  and  subsequently  calcify. 


CHAPTER  XL. 


INFLAMMATION  OF  MUCOUS  MEMBKANES. 

Ix  mucous  membraiies  inflammatory  processes  are  divided 
into  cntarrlud,  and Jihrinou,s,  croupous,  or  dlpliilierUlc  in- 
flammation. 

Catarrhal  Inflammation. — Catarrhal  inflammation, 
or  as  it  is  more  commonly  called  catarrh,  is  much  the 
more  frequent.    In  its  milder  forms  this  is  characterised 
mainly  by  an  increased  secretion  of  mucus.    The  initial 
hyperasmia  of  the  membrane  is  followed  by  an  abnormal 
production  of  epithelial  and  mucous  elements.   The  liquid 
which  transudes  from  the  blood-vessels  is  more  abundant, 
the  small  spherical  cells  which  constitute  the  mucus- 
corpuscles  are  jjroduced  with  increased  rapidity,  and  the 
result  is  an  increased  secretion  of  mucus,  rich  in  cellular 
elements.    These  young  cells  are  most  of  them  emigrant 
blood-corpuscles,  others  are  probably  the  products  of 
epithelial  proliferation.  As  the  process  continues,  some  of 
the  epithelial  elements  become  loosened  and  are  discharged 
with  the  mucus,  and  within  these  groups  of  bodies  may 
occasionally  be  seen,  which  are  evidently  young  muciis- 
corpuscles.    (Fig.  111.)    How  far  these  are  white  blood- 
corpuscles  which  have  penetrated  the  epithelial  cells  is  at 
present  uncertain.    The  secretion  of  the  mucous  glands 
is  also  increased.    Owing  to  these  changes,  the  mucous 
membrane  becomes   swelled  and  abnormally  vascular. 
The  increased  vascularity  is  evidenced  by  redness  during 
life,   bat  after   death   the   blood   usually  passes  out 
of  the  vessels,  and  the  membrane  may  look  paler  than 
natui'al. 
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If  the  inflammation  be  more  intense,  tlie  vascular  phe- 
nomena  are  more    marked,  the  production  of  young 


Fig.  111. 


Calarrlial  Inilammatton  of  the  Conjunctiva. — a.  Epithelium. 
h.  Sub-cpitlie'lial  connective  tissue.— Showing  the  prolife- 
ration of  the  epithelium,  and  the  young  elements  within 
tlio  epithelial  cells,  (liindfieisch.) 


elements  is  more  rapid,  they  are  smaller  and  not  so  well 
developed,  and  the  secretion  becomes  puriform  from  the 
great  number  of  cellular  elements  which  it  contains.  It 
now  no  longer  yields  mucin.  Many  of  the  elements  are 
indistinguishable  from  pus-corpuscles,  others  are  some- 
what larger  and  resemble  the  corpuscles  of  normal  mucus. 
Between  the  corpuscles  of  mucus  and  pus  there  is  no  line 
of  demarcation,  the  one  passing  by  insensible  gradations 
into  the  other.  The  former  are  somewhat  larger  and 
more  regular  in  shape  than  the  latter,  and  usually  con- 
tain only  a  single  nucleus.  As  the  process  continues, 
the  sub-epithehal  tissue  is  gradually  involved,  and  becomes 
infiltrated  with  small  cells.  Owing  to  loss  of  epithehum, 
the  surface  of  the  membrane  may  present  some  slight 
irregular  abrasions. 

These  changes  in  the  mucous  membrane  itself  are 
accompanied  by  inflammation  of  the  lymphatic  structure.9 
which  it  contains.    The  lymph-follicles  become  enlarged. 
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Their  contents  may  soften  and  form  a  minute  pseudo- 
abscess,  and  this  bursting  gives  rise  to  a  small  ulcer. 
These  are  the  follicular  ulcers  so  often  seen  iu  cartarrhal 
conditions  of  the  intestines  and  pharynx.  The  ulcera- 
tion in  some  cases  extends  beyond  the  confines  of  the 
follicle.  The  proper  grandular  structures  may  also 
become  involved.  Their  epithelium  multiplies,  the  glands 
become  choked  with  the  epithelial  elements,  and  they 
may  subsequently  atrophy.  This  is  seen  in  catarrh  of 
the  stomach. 

The  acute  process  may  quicldy  subside,  or  it  may 
become  chronic.  In  the  latter  case  the  hyperajmia 
dimini.shes,  but  the  escape  of  leucocytes  and  the  multipli- 
cation of  the  epithelial  elements  continues,  and  the  sub- 
epithelial tissue  becomes  more  extensively  infiltrated  with 
small  cells. 

Chronic  catarrhal  inflammations  of  mucous  membranes 
diS'er  from  the  acute,  inasmuch  as  the  sub- epithelial 
connective  tissue  is  much  more  extensively  involved. 
This  tissue  becomes  infiltrated    with   small  elements, 
which  may  ultimately  form  an   imperfectly  fibrillated 
structure.    The  membrane  thus  becomes  indurated  and 
thickened,  and  the  pressure  exercised  by  the  new  growth 
may  induce  atrophic  changes  in  the  glandular  structures 
which  it  contains ;  by  preventing  the  exit  of  their  secre- 
tion it  may  also  cause  them  to  dilate  so  as  to  form  cysts. 
This  atrophy  of  the  proper  glandular  structures  is  seen 
in  chronic  catarrh  of  the  stomach.    These  changes  in  the 
sub-epithelial  connective  tissue  are  usually  accompanied  by 
enlargement  of  the  lymphatic  structures,  an  enlargement 
which  sometimes  gives  to  the  membrane  a  nodular  or 
granular  appearance.   This  is  well  seen  in  the  pharnyx 
(follicular  pharyngitis).  'I'he  enlarged  lymphatic  structures 
may  also  constitute  the  starting-points  of  an  ulcerative 
Xjrocess.    (See  "Tuberculosis  of  Mucous  Memln-anes.") 
In  some  situations,  as  the  stomach  and  intestine,  the 
membrane  often  at  the  same  time  becomes  deeply  pig- 
mented- 
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Fibrinous,  Cuouroiis,  or  DiruTiiEniTic  Inflammation.— 
These  terms  are  applied  to  those  iuflammations  of  mucous 
membranes  which  lead  to  the  production  of  a  so-called 
false  membrane — such  as  is  seen,  for  example,  in  croup. 
The  formation  of  this  fibrinous  layer  upon  the  surface  of 
the  membrane  is  quite  characteristic,  and  at  once  dis- 
tinguishes this  form  of  inflammation  from  a  simple 
catarrhal  process. 

The  membrane  itself,  which  may  exist  in  little  patches 
or  cover  a  large  area  of  the  mucous  surface,  is  usually  of 
a  yellowish  or  greyish-white  colour,  and  in  consistence 
varies  from  a  firm  and  tough  to  a  soft  pultaceous  material. 
It  is  more  or  less  easily  separable  from  the  subjacent 
tissue,  which  in  all  cases  after  its  removal  is  found  to  have 
lost  its  epithelium.  In  thickness  it  may  vary  conside- 
rably in  diiiereut  parts.  Examined  microscopically,  it  is 
seen  to  consist  mainly  of  leucocytes,  granular  matter,  and 
some  altered  epithelial  elements  enclosed  in  the  meshes  of 
a  delicate  network  of  finely  fibrillated  material  resembling 
coagulated  fibrin.  The  fibrinous  network  is  most  marked 
in  the  deeper  layers  of  the  membrane,  whereas  the  super- 
ficial part  consists  principally  of  leucocytes,  altered 
epithelium  often  fused  together  into  irregular  masses, 
and  adventitious  products.  The  epithelium  of  the  mucous 
membrane  beneath  this  fibrinous  layer  is,  as  already 
stated,  invariably  more  or  less  completely  wanting ;  so 
that  the  fibrinous  layer  extends  down  to  the  basement 
membrane.  In  some  cases  the  fibrinous  layer  does  not 
extend  deeper  than  this  membrane,  in  which  case  it 
can  be  readily  detached;  whereas  in  others  it  involves 
the  deeper  structures,  and  then  is  much  less  easily 
removed,  and  when  separated  leaves  an  irregular  sur- 
face owing  to  the  destruction  of  the  inner  layers  of 
the  mucous  membrane.  In  the  former  case  the  process 
is  usually  spoken  of  as  cronpous,  in  the  latter  as  dlph- 
theritic.  These  differences,  however,  in  the  depth  to 
which  the  mucous  membrane  is  involved,  are  probably 
due  to  differences  in  the  intensity  of  the  process,  and 
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also  to  differences  in  the  structnro  of  tlie  membrane. 
In  those  situations  where  a  distinct  basement  membrane 
exists,  as  in  the  pharynx  and  respiratory  organs,  the  pro- 
cess is  more  likely  to  be  snperticial  than  in  those  where 
this  is  not  the  case,  as  in  the  intestines  and  conjunctiva. 
(Cohnheim.)  It'  the  inflammatory  process  continues,  the 
membrane  after  its  removal  is  reproduced,  but  if  it  sub- 
side, the  epithelium  is  quickly  regenerated,  and  the  deeper 
structures  when  destroyed  are  also  gradually  reproduced. 

With  regard  to  the  nature  of  tlie  false  membrane — it 
is  mainly  due  to  the  coagulation  of  the  inflammatory  exu- 
dation Hquids,  the  coagulum  enclosing  the  escaped  blood- 
corpnscles  and  the  altered  epithelium  of  the  mucous  sur- 
face. This  coagulation  was  formerly  supposed  to  result  from 
the  large  proportion  of  albumen  which  the  inflammatory- 
exudation  contained,  the  inflammatory  process  being  of 
greater  intensity  that  that  which  gives  rise  to  a  simple 
catarrhal  process.  Although  the  coagulation  of  the  in- 
flammatory liquids  may  thus  be  partly  due  to  the 
intensity  of  the  process,  the  investigations  of  Weigert 
render  it  probable  that  it  is  mainly  owing  to  the  death  of 
the  epithelium.  According  to  this  observer,  living  epithe- 
lium, like  endothelium,  prevents  the  coagulation  of  the 
liquor  sang ninis,  but  dead  epithelium  will  cause  coagu- 
lation of  licpTor  sanguinis  in  contact  with  it.  The  death  of 
the  epithelium  is  usually  due  to  the  same  injury  as  that 
which  causes  the  inflammatory  process,  but  without  this 
necrotic  change  in  the  deeper  as  well  as  in  the  superficial 
epithelial  elements,  it  is  probable  that  an  inflammatory 
process  will  not  be  followed  by  the  formation  of  a  so- 
called  false  membrane. 

The  causes  of  croupous  or  diphtheritic  inflammation 
are  simple  mechanical  or  chemical  agencies  and  injuries 
of  an  infective  character.  Simple  mechanical  or  chemical 
injuries  will  produce  a  typical  croupous  membrane.  This 
may  be  done  experimentally  in  dogs,  for  example,  by  the 
application  of  strong  acids,  alkalies,  or  alcohol  to  the 
trachea.     In  cases  of  jjoisuning  by  the  mineral  acids, 
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and  in  the  accident  so  common  in  children  of  attempting 
to  drink  ont  of  a  vessel  containing  boiling  water,  a  false 
membrane  is  often  produced  on  the  injured  mucous  sur- 
face. In  the  intestinal  and  other  mucous  membranes  also 
a  croiipous  inflammation  is  sometimes  met  with  as  the 
result  of  mechanical  injury,  as  for  example,  in  the 
vermiform  appendix  from  the  irritation  of  a  concretion. 

More  common,  however,  than  these  mechanical  and 
chemical  causes  are  injuries  of  an  infective  nature,  and  it 
is  to  infective  agencies  that  croupous  inflammations  are 
most  frequently  due.     As  examples  of  such  are  some 
forms  of  severe  conjunctivitis,  the  intestmal  inflamiTiation 
in  epidemic  dysentery,  and,  above  all,  the  changes  in  the 
]>haryugeal  and   laryngeal   mucous  membranes  in  the 
diseases  known  as  cro?y:»  and  diphtheria.    These  infective 
croupous  processes  are  almost  invariably  contagious,  the 
inflammatory  products  being  capable  of  inducing  similar 
processes  when    applied   to    other   mucous  surfaces. 
Micrococci  appear  to  be  usually  present  in  the  false 
membrane  in  these  infective  cases.     They  are  usually 
found  as  colonies  of  globular  organisms  in  the  upper 
layers  of  the  membrane.    Whether  they  are  essential  or 
merely  accidental  is  at  present  uncertain. 

Although  there  are  these  important  differences  in  the 
etiology  and  nature  of  croupous  inflammations,  they  are 
not  accompanied  by  any  corresponding  variations  in  the 
histology  of  the  process  ;  the  slight  differences  met  with 
in  the  characters  of  the  false  membrane  and  in  the  ex- 
tent of  implication  of  the  mucous  surface  being  probably 
usually  due  to  differences  in  the  intensity  of  the  process 
and  in  the  structure  of  the  mucous  membrane  involved. 

DYSENTERY. 

The  inflammatory  processes  occurring  in  the  mtestme 
in  dysentery  are  for  the  most  part  limited  to  the  large 
intestine,  although  the  ileum  is  also  occasionally  involved. 
The  inflammation  is  always  most  marked  in  the  rectum 
and  descendmg  colon,  and  it  may  be  stated  generally, 
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that  it  is  cliaracterised  by  tlic  ulceration  and  sloughing 
of  the  membrane  to  which  it  gives  rise. 

The  intestinal  changes  vary  considerably,  according  to 
the  intensity  of  the  inflammatory  process.  In  the  milder 
forms  of  the  disease  the  changes  are  most  marked  on  the 
summits  of  the  folds  of  the  mucous  membrane.  These 
are  found  covered  with  a  greyish-white  layer  of  fibriuous- 
looking  material,  which,  when  scraped  off,  leaves  a 
superficial  loss  of  substance.  The  mucous  membrane 
generally  is  hyperasmic  and  softened.  The  submucous 
tissue  is  also  infiltrated  with  inflammatory  products,  and 
the  solitary  glands  are  enlarged  and  prominent. 

When  the  process  is  more  severe,  the  submucous  tissue 
becomes  more  extensively  involved,  and  the  superficial 
layer  of  fibrinous  material  extends  over  wider  areas  and 
implicates  more  deeply  the  mucous  membrane.  The 
thickening  of  the  intestinal  wall,  however,  is  much  greater 
in  some  parts  than  in  others,  so  that  projections  are  pro- 
duced upon  the  inner  surface  of  the  intestine,  corre- 
sponding with  those  parts  which  are  the  most  affected. 
The  enlarged  solitary  glands  usually  slough,  and  so  give 
rise  to  circular  ulcers,  which  rapidly  increase.  When  the 
process  has  reached  this  stage,  the  muscular  and  serous 
coats  are  implicated,  the  latter  being  covered  with  layers 
of  fibrin  which  form  adhesions  with  adjacent  parts.  The 
intestine  is  much  dilated,  and  contains  blood  and  disin- 
tegrating inflammatory  products. 

In  the  most  intense  forms  of  the  disease,  the  neci-osis  is 
more  extensive.  According  to  Eokitansky,  large  portions 
of  the  mucous  membrane  are  converted  into  black  rotten 
sloughs.  The  submucous  tissue  is  infiltrated  with  dark 
blood  and  serum,  but  siibsequently  it  becomes  the  seat  of 
a  reactive  suppurative  inflammation,  by  means  of  which 
the  necrosed  portions  of  tissue  are  removed. 

If  death  does  not  occur  and  the  inflammatory  process 
subsides,  the  ulcers  may  gradually  heal.  When  the  loss 
of  substance  has  not  been  considerable,  the  edges  of  the 
ulcers  may,  by  the  contraction  of  the  submiicous  tissue, 
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become  completely  approximated.  More  commonly, 
however,  the  loss  of  substance  is  so  great,  that  portions 
of  the  membrane  are  left,  consisting  simply  of  connective 
tissiie. 

When  the  inflammatory  process  becomes  chronic,  the 
changes  in  the  submucous  connective  tissue  become  more 
marked,  and  the  new  fibroid  growth  gives  rise  to  con- 
siderable thickening  and  induration  of  the  intestinal  wall, 
and  to  more  or  less  contraction  and  narrowing  of  the 
cavity.  Sometimes  it  forms  fibrous  bands  which  project 
into  the  gut.  The  formation  of  abscesses  and  fistulous 
passages  occasionally  occurs  in  the  thickened  intestinal 
wall. 


CHAPTER  XLT. 


INFLAMMATION  OF  SEROUS  MEMBRANES. 

Inflaii-MATORY  pi-ocef3ses  in  serous  membranes  vary  in 
their  intensity,  and  in  the  amount  and  character  of  the 
effusion. 

The  process  commences,  as  in  mucous  membranes, 
with  hyperaamia,  exudation  of  liquor  sanguinis  and  emi- 
gration of  blood-corpuscles,  together  with  increased 
activity  of  the  endothelial  elements.    The  eudothelial 

Fig.  112. 


Inflamed  Epiploon  of  a  Rabbil. — Showing  the 
endogenous  proliforation  of  the  endothelium. 
X  250.  (Uornil  and  Kanvier.) 


cells  enlarge  and  become  more  granular,  their  nuclei 
divide,  and  new  elements  are  foi-med  by  endogenous 
multiplication.  (Fig.  112.)  The  number  of  new  cells 
wbich  are  thus  produced,  together  with  some  of  the 
older  cells,  and  a  large  number  of  emigrant  blood-cor- 
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puscles,  escape  with  the  exuded  liqxior  sanguiuis  into 
the  serous  cavity,  where  they  may  probably  coiitiuue  to 
exhibit  their  formative  activity. 

Owing  to  these  changes  the  membrane  loses  its  natural 
smooth  and  glistening  appearance,  and  becomes  opaque, 
rouc^hened,  and  exceedingly  vascular.  Its  surface  at  the 
san^'e  time  becomes  covered  with  a  fibrmous  layer,  and 
more  or  less  liquid  transudes  into  its  cavity.  ihe 
coao-ulable  material  which  exudes  from  the  vessels  forms 
a  soft,  elastic,  membranous,  or  reticulated  investment. 

Fig.  113. 


Inllammathn.  of  Ihe  Diaphragmatic  Slio-n-- 
in-  the  adherent  fibriDous  layer,  a.  Museuhu-  coat  of 
diripbragm.  b.  Sub-seroiis  tissue  c  J^el■ous  mem- 
bvane.    c  Fibrmous  layer,    x  4(iO.  (Emdileiscli.) 

enclosino-  in  its  meshes  numerous  small  cells.  This 
either  glues  the  two  surfaces  of  the  membrane  together, 
or  if  they  are  separated  by  liquid  effusion,  forms  a 
,li'„htly  adherent  layer.  (Fig.  113.)  The  exuded  liquid 
varies  considerably  in  amount  and  is  always  turbid, 
thus  differing  from  non-inhammatory  eflusions.  It  con- 
tains flakes  and  masses  of  coagulated  fibrin  and  innu- 
merable cell-structures,  the  latter  being  m  the  earliest 
stacres  of  the  process  almost  entirely  emigrants. 

The  nature  of  the  subsequent  changes  will  depend  upon 
the  intensity  of  the  inflammation,  and  upon  the  amount 
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|i  of  liquid  exuded  into  the  seroiis  cavit3^    If  the  inflam- 
:imatory  process  subsides,  and  the  liquid  exuded  is  not 
li:SutEcient  to  prevent  the  two  surfaces  of  the  membrane 
III  from  coming  into  contact,  they  grow  together  and  form 
j :  an  adhesion.    This  constitutes   the   so-called  adhesive 
1  inflammation.    The  union  is  effected  by  the  formation  of 
I  connective  tissue.    The  small  round  cells  embedded  in  the 
fibrinous  layer  become  elongated  and  spindle-shaped, 
numerous  new  blood-vessels  are  formed,  and  the  fibrinous 
material  fibrillates.    Many  of  the  vessels  atroph}-  and 
disappear  as  the  organisation  becomes  complete.  The 
process  is  thus  precisely  similar  to  that  which  takes  place 
,  in  the.  union  of  an  incised  wound.    It  is  probable  also 
that  in  some  cases  union  may  take  place  without  the 
intervention  of  any  fibrinous  layer,  by  the  formation  and 
growing  together  of  irregular  papillary  outgrowths  from 
the  sub-endothelial  tissue. 

If,  however,  the  inflammatory  process  is  severe,  or  the 
surfaces  of  the  membrane  are  separated  by  a  large  quan- 
tity of  liquid  effusion,  organisation  and  adhesion  cannot 
be  thus  readily  effected.  If  a  large  quantity  of  liquid 
exists  in  the  serous  cavity,  the  removal  of  this  becomes 
necessary  before  union  can  take  place.  If  the  inflamma- 
tory process  continues,  or  its  intensity  is  great,  i;nion  is 
prevented  by  the  formation  of  pus.  These  two  conditions 
must  be  considered  separately. 

The  existence  of  a  large  amount  of  effusion  prevents 
the  adhesion  of  the  serous  surfaces,  and  before  this  can  be 
effected  the  absorption  of  the  liquid  becomes  necessary. 
The  presence  of  the  liquid  itself,  however,  interferes  with 
its  absorption.  This  is  owing,  as  already  stated  when 
speaking  of  the  "Terminations  of  Inflammation,"  to  the 
pressure  which  it  exercises  upon  the  blood-vessels  and 
lymphatics,  which  pressure,  by  hindering  the  circulation 
in  these  vessel^s,  tends  not  only  to  prevent  absorption, 
but  also  to  interfere  with  the  restoration  of  the  vascular 
walls  to  a  normal  state,  and  so  to  favour  a  continuance 
of  the  exudation.   The  removal  of  some  of  the  liduid  by 
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artiHcial  meaiis  consequently  facilitates  the  absorption  of 
the  remainder.   When  the  process  is  protracted,  the  sub- 
endothelial  connective  tissue  becomes  involved  and  mfil- 
trated  with  small  cells,  and  a  richly  vascular  granulation- 
tissue  is  formed  beneath  the  layer  of  proliferatmg  endothe- 
lium   The  endothelium  itself  becomes  less  abundant,  and, 
if  the  inliammatiou  subsides,  the  new  granulation-tissue 
gradually  develops  into  connective  tissue,  and  thus  a  false 
membra,.e  is  formed,  rich  in  vessels,  which  tal.es  the 
place  of  the  endothelial  layer.    As  the  Hquid  is  absorbed, 
the  two  surfaces  of  the  membrane  come  into  contact 
and  grow  together,  the  new  vessels  become  gradually 
obliterated. 

If  the  inHammatory  process  does  not  subside,  or  from 
its  commencement  is  of  considerable  intensity,  it  may  be 
attended  by  the  formation  of  large  quantities  ot  pus.  In 
this  case  the  emigration  of  blood-corpuscles  is  so  con- 
siderable that  the' young  elements  exist  in  large  enough 
numbers  to  give  to  the  exuded  liquids  a  purulent  cha- 
racter   The  condition  is  then  termed  empyema.    As  the 
connective  tissue  becomes  involved  and  a  granulation- 
tissue  is  formed,  this  may  continue  to  generate  pus  hke 
an  ordinary  granulating  wound.    If  the  pus  be  removed, 
the  suppuration  may  gradually  cease,  the  gramilation- 
tissue  develop  into  a  fibrous  structure,  and  the  union 
of  the  serous  surfaces  thus  be  effected.     The  serous 
membrane  becomes  greatly  thickened,  and  the  new  tissue 
undergoes  considerable  contraction  in  the  process  ot  its 
organisation. 


CHAPTER  XLII. 


INFLAMMATION  OF  THE  LIVER. 

IxFLAMMATouY  proccsses  in  the  liver  are  eitlier  aciite  or 
chronic.  Acute  intiammations,  leading  to  suppuration, 
ai'e  usually  infective  in  their  nature,  resulting  from  the 
transmission  of  infective  materials  from  lesions  in  the 
abdominal  organs  or  in  other  parts.  The  processes  are 
consequently  most  frequently  disseminated  and  confined 
to  small  portions  of  the  hepatic  substance.  The  pus- 
corpuscles — which  Tisually  accumulate  so  as  to  form  an 
abscess— are  almost  entirely  emigrants,  although,  recent 
investigations  render  it  highly  jirobable  that  they  may 
originate  by  the  endogenous  proliferation  of  the  liver- 
cells. 

These  suppurative  inflammations  are  in  the  majority 
of  cases  pytemic,  and  when  pysemic  they  are  usually 
multiple.  Hepatic  abscess  is  also  common  in  tropical 
climates,  and  here  the  abscess  is  commonly  single.  These 
tropical  abscesses  are  sometimes  associated  with  dysen- 
tery, and  they  may  tben  probably  result  from  the  absorp- 
tion of  infective  substances  from  the  diseased  intestine  ; 
but  in  other  cases  the  abscess  appears  to  be  due  to  a 
primary  inflammation  of  the  hepatic  tissue.  As  other 
causes  of  hepatic  suppuration  must  be  mentioned  inflam- 
mation of  the  bile-ducts,  such,  as  sometimes  results  from 
gall-stones,  &c. ;  and  external  violence. 

Chronic  inflammatory  processes  in  the  liver,  being  of 
much  less  intensity,  lead  to  a  gradual  increase  in  the 
connective  tissue  of  the  organ,  and  consequently  to  indu- 
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ration  and  to  the  subsequent  atrophy  of  its  proper  struc- 
ture. They  constitute  what  is  known  as  inierstitial 
hepatitis,  or  more  commonly  as  cLrrhosis. 

CIRRHOSIS  OF  TUE  LIVER. 

Cirrhosis  of  the  liver,  or  interstitial  hepatitis,  is  charac- 
terised by  a  gradual  increase  in  the  connective  tissue  of 
the  organ  and  by  the  subsequent  atrophy  of  the  liver- 
cells,  so  that  when  examined  with  a  low  magnifying 
power,  the  acini  are  seen  to  be  separated  by  broad  tracts 
of  new  interstitial  growth.    (Fig.  114.) 

Fig.  114. 


■ }  ■-■ 


■  Cirrhosis  of  the  L/re;-.— Sliowiug  the  growth  of  cou- 
uective  tissue  between  tlie  hepatic  lobules,  a.  Lobules. 
6.  New  growth  of  iuterlobuliu- conuective  tissue,    x  io- 

The  process  usually  commences  in  the  connective  tissue 
surrounding  the  smaller  branches  of  the  portal  vein,  aud 
gradually  extends  to  that  surrounding  the  larger  ones, 
until  ultimately  the  interlobular  connectivetissue  through- 
out the  whole  organ  may  become  involved.  This  tissue 
becomes  infiltrated  with  small  round  cells,  from  whicH 
are  produced  a  more  or  less  completely  fibnllated  struc- 
ture,  containing  in  the  earlier  stages  of  its  development 
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numerous  new  blood-vessels,  which  are  supplied  by 
branches  of  the  hepatic  artery.  The  change  is  some- 
times uniform,  but  more  commonly  it  is  much  more 
advanced  in  some  parts  than  in  others.  In  many  places 
the  cellular  infiltration  may  be  considerable,  whilst  in 
others  the  fibrillation  is  much  more  marked ;  and  if  the 
process  lasts  long  enough,  the  vascular  and  richly-cella- 
lar  growth  may  gradually  assume  the  characters  of  cica- 
tricial tissue,  the  vessels  at  the  same  time  becoming 
obliterated.  (See  Fig.  97.)  In  many  cases  this  con- 
nective tissue  growth  is  not  limited  to  the  interlobular 
tissue,  but  extends  inwards  so  as  to  involve  the  inter- 
cellular network  of  the  organ,  which  becomes  much 
thickened  and  infiltrated  with  small  cells.    (Fig.  115.) 


Fig.  115. 


Cirrhosis  of  the  Liver. — A  thin  sectiou  from  tho  ex- 
ternal portion  of  one  of  the  hepatic  lobules. — Showing 
the  new  grovvtfi  of  connective  tissue,  and  tlie  way  in 
which  it  involves  tho  intercellular  network  and  causes 
atrophy  of  the  liver- cells,    x  200. 


The  effect  of  the  new  growth  is  irltimately  to  cause 
atrophy  of  tho  hepatic  cells,  and  to  obstruct  the  circula- 
tion through  the  portal  capilliaries  and  the  passage  of 
bile  through  the  bile-ducts.  This  effect  is  materially  in- 
creased by  the  process  of  contraction  which  the  new 
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tissue  iindergoes.    The  hepatic  cells  in  the  outer  zone  of 
the  loljules  are  the  first  to  atrophy.    The  cells  become 
smaller,  often  undergo  fatty  metamorphosis,  and  ulti- 
mately are  completely  destroyed.     (Fig.  115.)     Those  m 
the  central  parts  of  the  lobule  are  in  the  earlier  stages 
but  little  altered,  although  they  are  often  stained  with 
Wle.    As  the  growth  extends,  however,  these  also  become 
annihilated,  and  the  whole  lobule  may  be  replaced  by  con- 
nective tissue.    The  cells  in  the  outer  part  of  the  lobules 
a,re  sometimes  infiltrated  with  fat  prior  to  their  destruc- 
tion, the  cirrhosis  being  associated  with  fatty  infiltration. 
(See  Fig.  8.) 

In  addition  to  the  changes  described,  there  is  another 
condition  often  met  with  in  cirrhosis— viz  ,  a  development 
of  numerous  biliary  canaliculi  in  the  portal  canals.  This 
is  invariably  present  in' that  form  of  the  disease  which 
results  from  long-continued  obstruction  of  the  bile-ducts 
(Biliary  Cirrhosis);  but  it  appears  not  to  be  character- 
istic of  this,  being  also  sometimes  met  with  in  alcoholic 
cirrhosis,  and  in  the  cirrhosis  of  phthisis.* 

The  physical  characters  of  the  cirrhosed  liver  vary.  In 
the  earlier  stages  of  the  disease  the  organ  is  probably 
always  more  or  less  increased  in  size ;  the  enlargement 
being  almost  uniform,  and  the  edge  rounded  and  thickened. 
Later,  atrophy  and  contraction'  take  place,  the  liver 
diminishes  and  presents  an  irregular  nodular  surface.  In 
other  cases,  however,  the  enlargement  of  the  organ  is  con- 
siderable, there  is  but  little  subsequent  atrophy,  and  the 
surface  remains  comparatively  smooth  up  to  the  time  of 
death  (Hypertrophic  Cirrhosis). 

Eespecting  the  causes  of  these  difi"erences  in  the  size  of 
the  liver,  we  are  at  present  unable  to  speak  certainly.  In 
that  form  of  cirrhosis  which  results  from  biliary  obstruc- 
tion, and  which  is  characterised  clinically  by  persistent 
jaundice  and  the  absence  of  ascites,  there  is,  as  already 


*  See  Papei-  ou  "  Hyporlrophic  Cirrliosis  of  Liver,"  by  Dr. 
Sauudby:  Trans,  l^ath.  ioc.  Loud.,  18711,  vol.  xxx.,  p.  3Ul. 
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stated,  fi  considerable  development  of  biliary  canaliculi  in 
the  portal  canals,  and  it  is  in  this  variety  also  that  there  is 
usually  a  marked  iuiiltration  of  the  intei-cellular  tissue. 
These  livers  are  commonly  greatly  enlarged  and  do  not 
undergo  subsequent  contraction.  The  differences  in  the  size 
of  the  liver  in  alcoholic  cirrhosis  probably  depend  in  great 
measure  ii.pon  difl'ereuces  in  the  age  of  the  new  growth, 
and  in  its  distribution.  In  the  large  livers  the  growth  is 
usually  richly  cellular  and  very  generally  distributed, 
often  involving  the  intercellular  tissue ;  whilst  in  the 
smaller  atrophic  forms  of  cirrhosis  it  is  commonly  more 
fibrous  and  less  cellular  in  character,  and  its  distribution 
is  more  partial.  It  is  probable  that  in  the  larger  livers 
the  growth  is  in  an  earlier  stage  of  development,  and 
that  if  the  patient  had  lived,  the  organ  would  have  dimi- 
nished in  size.  When  the  growth  is  irregularly  distri- 
buted, it  necessarily  causes  more  irregularity  in  the  con- 
figuration of  the  liver  than  when  the  distribution  is  more 
uniform.  In  some  cases  the  large  size  of  the  organ  is 
due  to  the  cirrhosis  being  astiociated  with  fatty  infiltra- 
tion.   (See  Eig.  8.) 

The  cirrhosed  liver  is  always  inci'eased  in  consistence. 
It  breaks  down  less  readily  under  the  finger,  and  is  often 
exceedingly  firm  and  tqugh.  On  section,  the  new  tissue 
is  visible  to  the  naked  eye  surrounding  the  lobules  and 
in  many  parts  completely  replacing  them.  This  gives  to 
the  cut-surface  a  mottled  granular  appearance,  the 
lobules  themselves  contrasting  with  the  new  interlobular 
tissue  ;  and  this  appearance  is  sometimes  increased  by 
fatty  infiltration  of  the  cells  in  the  peripheral  zone.  The 
capsule  also  may  be  thickened,  and  the  organ  is  fre- 
quently stained  with  bile. 

The  obliteration  of  the  portal  capillaries  by  the  new 
tissue  gives  rise  to  ascites,  ha3matemesis,  diarrhoea,  en- 
largement of  the  spleen,  and  to  the  other  results  of  portal 
congestion.  Obstruction  of  the  bile-ducts,  although  it 
may  cause  staining  of  the  hepatic  substance,  is  rarely 
such  as  to  interfere  with  the  passage  of  the  bile  into  the 
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intestine,  and  hence  there  is  usually  but  little  general 
jaundice.  In  biliary  cirrhosis  jaundice  results  from  the 
biUary  obstruction  which  is  the  cause  of  the  disease. 
The  destruction  of  the  liver-cells,  by  interfering  with  the 
glycogenic  function  of  the  organ,  leads  to  marked  inter- 
ference with  general  nutrition. 

ACUTE  YELLOW  ATKOPHY. 

This  exceedingly  rare  disease  of  the  hver  is  charac- 
terised by  a  rapid  diminution  in  its  size,  and  by  destruc- 
tion of  the  hepatic  cells.  The  organ  may,  in  the  course 
of  a  few  days,  be  reduced  to  less  than  half  its  natural 
bulk,  being  especially  diminished  in  thickness.  It  is  soft 
and  flabby  in  consistence,  bloodless,  and  of  a  dull  yellow 
or  yellowish-red  colour.  The  lobules  are  indistinguish- 
able. When  examined  microscopically,  the  liver-cells  are 
found  to  be  completely  destroyed,  being  replaced  by 
granular  debris,  fat  granules,  and  i^igment.  Tyrosin 
and  leucin  have  been  found  in  the  disintegrated  liver- 
tissue. 

The  pathology  of  this  disease  is  exceedingly  obscure. 
By  some  it  has  been  regarded  as  an  acute  inflammatory 
process,  by  others  as  a  passive  degeneration. 


CHAPTER  XLIII. 


INFLAMMATION  OP  THE  KIDNEY. 

Inflammatory  processes  in  the  kidney  present  certain 
variations  according  to  their  intensity.    They  comprise 
s^i-pimrative,  tubal,  and  interstitial  nephritis.    Of  these, 
suppurative  nephritis,  as  the  name  implies,  is  an  intense 
inflammation  leading  to  the  formation  of  abscess.  This 
usually  results  from  the  transmission  of  infective  ma- 
terials from  some  primary  lesion  (pyasmic),  or  it  is  asso- 
ciated with  some  inflammatory  condition  of  the  lower 
urinary  passages.    Tubal  nephritis  is  also  an  inflamma- 
tion of  considerable  intensity,  and  in  it  the  structural 
changes  have  their  principal  seat  in  the  tubular  epithe- 
lium.   Interstitial  nephritis  is  an  inflammatory  process 
which  runs  a  more  chronic  course,  and  is  of  less  intensity 
than  either  of  the  preceding.     Consequently  in  it  the 
principal  structural  changes  take  place  in  the  connective 
tissue  around  the  blood-vessels— in  the  intertubular  con- 
nective tissue.     (See  "  Chronic   Inflammations.")  It 
must,  however,  be  distinctly  borne  in  mind  that  these 
two  varieties  of  histological  changes— those  in  the  tubular 
epithelium  and  those  in  the  intertubular  connective  tissue 
—are  very  constantly  associated.    Tubal  and  interstitial 
nephritis  cannot  therefore  be  separated  from  one  another 
by  any  distinct  line  of  demarcation.    They  might,  per- 
haps, be  more  correctly  designated  acute  and  chronic 
nephritis. 

SUPPURATIVE  NEPHRITIS. 

Acute  inflammatory  processes  in  the  kidney  attended 
by  the  formation  of  pus,  give  rise  to  renal  ahscessea.  Such 
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processes,  as  already  stated,  are  often  infective  in  their 
nature,  resulting  from  the  transmission  of  infective  ma- 
terials from  some  primary  lesion,  as  in  pyicmia  ;  and  they 
also  occur  in  connexion  with  inflammatory  conditions  of 
the  urinary  passages.  In  the  latter  they  constitute  what 
is  commonly  known  as  the  "  Surgical  Kidney." 

The  abscesses  met  with  in  the  kidney  as  the  result  of 
pyasmia  are  principally  confined  to  the  cortex,  and  they 
resemble  pyo3mic  abscesses  in  other  organs.  They  are 
usually  multiple,  and  are  often  surrounded  by  a  thin  zone 
of  red  hyperajmic  tissue.  Their  characters  have  been 
already  described  in  the  chapter  on  embolism.  (See 
"  Eesnlts  of  Embolism.") 

Stjkgical  Kidney. — This  is  the  name  commonly  given 
to  those  inflammatory  conditions  of  the  kidney  which 
result  from  increased  urinary  pressure  and  inflammation 
of  the  lower  urinary  x^assages.  These  renal  inflamma- 
tions frequently  occur  in  association  with  renal  and 
vesical  calculus,  obstructed  ureter,  urethral  stricture, 
enlargement  of  the  iDrostate,  &c.  These,  and  other 
similar  conditions,  not  only  tend  to  impede  the  flow  of 
urine  and  so  to  cause  increased  urinary  pressure  above 
the  obstruction,  but  also,  in  most  cases,  to  set  up  more  or 
less  inflammation  of  the  lower  urinary  passages. 

The  changes  which  occur  in  the  kidney  vary.  Simple 
long-continued  increase  of  urinary  pressure  resulting 
from  some  obstruction  to  the  flow  of  urine  gives  lise  to 
chronic  renal  changes,  which  are  characterised  mainly 
by  more  or  less  cellular  inflltration  of  the  intertubular 
connective  tissue.  ("  Interstitial  Nephritis. ")  This  cel- 
lular infiltratiou,  which  is  exceedingly  irregular  in  its 
distribution,  occurs  both  in  the  pyramids  and  cortex. 
The  tubules  are  in  some  parts  found  blocked  with 
epithelium,  whilst  in  others  they  are  wasted  or  obliterated. 
The  walls  of  the  small  arteries  are  not  thickened.  Owing 
to  these  changes,  the  kidneys  are  somewhat  enlarged,  the 
capsule  is  slightly  adherent,  the  cut-surface  paler  than 
natural,  and  the  consistence  of  the  organs  abnormally 
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tougli.  As  the  process  proceedti  the  p_yramidal  portious 
^i-iduall}^  become  absorbed,  the  absoi'ptiou  commencing  at 
the  papilki3  and  extendiug  uutil  i^ltimately  not  only  the 
[pyramids  but  also  the  thickened  cortex  may  disappear, 
and  the  kidney  be  converted  into  a  large  cyst.  If,  on  the 
other  hand,  the  nrinary  obstruction  be  removed,  the  pro- 
cesses of  inflammation  and  absorption  may  cease,  and  the 
indurated  kidney  will  then  become  contracted. 


Fig.  IIG. 


Siirf/icnl  Kidney. — At  the  lower  part  of  tlio  figure  is  seen  the 
cellular  infiltr.atiou  of  the  iutertubiilar  tissue,  aud  the  Llockiug 
of  the  tubes  witli  cpitiielium  and  leucocytes.  At  the  upper 
I)art,  there  is  the  cofiimeucing  formation  of  an  abscess,  x  lUO. 


In  other  cases,  and  especially  when  the  itrinary 
obstruction  is  associated  with  inflammation  of  the  lower 
urinary  passages,  the  process  is  much  more  acute,  the 
cellular  infiltration  of  the  intertabular  tissue  is  much 
more  abundant,  and  the  young  cells  (emigrants)  ;i,ccu- 
mulate  in  certain  situations  in  such  numbers  as  to  give 
rise  to  abscesses.    (Fig.  IIG.)    The  blocking  of  the  tubes 
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witli  epithelium  is  then  more  marked,  and  many  of 
them   are  found  filled  with  the  emigrant  leucocytes. 
The  kidneys  in  such  cases  are  usually  not  only  enlarged 
and  pale,  but   soft,   although   their   consistence  wiU 
depend  upon  the  existence  or  not  of  the  more  chronic  in- 
terstitial changes,  and  yellowish-white  patches  of  various 
sizes  are  seen    on  their   cut-surface.    Many  of  these 
patches  have  purulent  centres,  but  they  are  not  commonly 
surrounded  by  a  zone  of  red  hyperaemic  tissue,  as  in 
pyasmia.    Yellowish  lines  and  striie  are  also  often  seen 
extending  from  the  papillas  to  the  bases  of  the  pyramids. 
This  acute  suppurative  process  may  occur  independently 
of  the  more  chronic  lesions.     Much  more  commonly, 
however,  it  supervenes  in  kidneys  which  have  already 
undergone   the  more   chronic   and  diffuse  interstitial 
changes,  and  its  supervention  appears  not  unfrequently 
to  be  determined  by  the  performance  of  some  surgical 
operation  in  connexion  with  the  bladder  or  urethra. 

Eespecting  the  pathology  of  these  changes  in  the 
kidney — they  undoubtedly  result  from  the  inflammatory 
condition  of  the  urinary  passages,  and  the  impediment 
to  the  escape  of  the  urine  with  which  they  are  associated. 
As  to  the  manner  in  which  these  conditions  produce  the 
kidney  changes  we  are  unable  to  speak  certainly.  The 
simple  tension  due  to  the  urinary  impediment  is  in  itself 
sufficient  to  cause  chronic  interstitial  changes.  Respect- 
ing the  more  acute  processes,  Dr.  Dickinson  beheves  that 
in  many  cases  these  are  due  to  the  absorption  of  septic 
substances  contained  in  the  urine.*  According  to  Mr. 
Marcus  Beck,  reflex  irritation  of  the  kidney  caused  by 
injuries  of  the  bladder  from  calculus,  operative  inter- 
ference, &c.,  is  often  an  important  causative  element.f 


*  Dickinson,  on  "Disseminated  Suppumtion  of  tlie  Kidney:" 
Med-Chir.  Trans.,  Yo\.\\'\.  ^.  .„ 

t  Marcus  Beclc,  on  "Nephritis  and  Pyelitis  consecii  ive  _ to 
Affections  of  tlie  Lower  Urinary  Tract :"  licynoUls'  System  oj  Medicine, 
vol.  V. 
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TUBAL  NEPHKITIS. 

Tubal,  parencliymatous,  or  acute  nephritis,  is  that  suh- 
acute  inflammation  of  the  kidney  which  constitutes  the 
more  acute  form  of  Bright's  disease — that  form  which  is 
characterised  by  a  more  or  less  marked  beginning,  scanty 
and  highly  albuminous  urine,  and  dropsy.  In  its  more 
advanced  stages  it  is  the  large  kidney  of  chronic  Bright's 
disease. 

The  changes  which  take  place  in  the  kidney  have  their 
seat  mainly  in  the  cortex.  They  comprise  increased 
vascularity  and  exudation  into  the  urine  tubes,  and 
swelling  with,  probably,  proliferation  of  the  tubular 
epithelium.  The  jjrominence  of  the  vascular  phenomena, 
however,  varies  very  considerably  in  diffei'ent  cases. 

In  the  most  acute  cases  of  Bright's  disease — those 

Fig.  117. 


Tubal  NcphrUii. —  The  earlier,stage  of  the  process.  Show- 
ing the  swullirjg  of  the  tubular  epithelium.  In  some  of  the 
tubes  tho  cpitliulium  has  fallen  out  during  the  preparation 
of  the  section,    x  2U0. 
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which  are  indnced  suddenly  from  exposure  to  cold,  the 
vascular  changes  are  marked.    In  these  cases  the  con- 
traction of  the  cutaneous  vessels  and  the  check  to  the 
function  of  the  skin  caused  by  the  chilling  of  the  sur- 
face, lead  to  considerable  hyperajmia   of  the  organs. 
There  is  abundant  exudation  into  the  urine-tubes,  many 
of  the  capillaries  at  the  same  time  frequently  rupture, 
and  thus  there  is  an  escape  of  blood-corpuscles  and  of 
liquor  sanguinis  into  the  tubes  of  the  cortex ;  hence  the 
blood  and  "blood-casts"   in  the  urine  which  are  so 
characteristic  of  the  early  stages  of  these  most  acute 
forms  of  the  disease.    In  this  stage  the  process  may 
quickly  subside,  and,  with  the  exception  of  some  swelling 
and  desquamation  of  the  tubular  epithelium,' no  further 
alterations  take  place  in  the  kidney. 


Tubal  Nephritis— a  Single  Urine  2'»&e.— Showing  the  ac- 
cumulatiou  withiu  the  tube.  In  the  few  epithelial  ce  Is 
which  have  escaped,  is  seen  the  granular  condiuon  of  the 
protoplasm,    x  201). 

In  the  less  acute  cases  the  vascular  phenomena  are 
less  marked,  and  important  changes  take  place  in  the 


tubular  epithelium.  The  epithelial  elements  become 
swollen  and  granular.  (Fig.  117.)  The  granules,  which 
are  often  so  numerous  as  to  occlude  the  nucleus  of  the 
cell,  are  soluble  in  acetic  acid,  and  thus  differ  from 
molecular  fat.  This  is  the  condition  known  as  "  cloudy 
swelling."    Many  small  cells  are  also  seen  withiu  the 


Fig.  118. 
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tubes,  and  these  have  been  supposed  to  be  the  products  of 
epithelial  prolit'oratiou.  It  is  probable  that  some  of  them 
are  thus  jDroduced,  although  the  majority  must  be  re- 
u'arded  as  having  escaped  from  the  vessels.  Owing  to 
these  changes  the  tubes  become  distended  with  cellular 
elements.    (Fig.  118.) 

In  addition  to  the  cell-forms,  many  of  the  tubes  also 
contain  hyaline  cylinders,  which  are  commonly  regarded 
as  consisting  of  coagulated  substances  which  have  es- 
caped from  the  vessels.    By  many  pathologists,  however, 
!  this  hyaline  materal  is  supposed  to  be  the  product  of  a 
I  mucoid,  or  some  allied,  metamorphosis  of  the  epithelium. 
'  The  cell-forms  contained  within  the  tubes  adhere  to  this 
'  hyaline  substance,  and  some  of  them  are  washed  away 
.  and  appear  in  the  urine  as  "  epithelial  casts."    A  varying 
number  of   emigrant  leucocytes  are  also  usually  found 
.  around  the  Malpighian  tufts. 

The  alterations  which  these  changes  produce  in  the 
physical  characters  of  the  kidneys  vary  according  to  the 
■  extent  of  the  hypersemia.  The  organs  are  always  con- 
siderably increased  in  size,  and  more  or  less  abnormally 
vascular.  The  capsule  separates  readily,  exposing  a  per- 
fectly smooth  but  vascular  surface.  The  consistence  is 
diminished,  the  tissue  breaking  with  a  soft,  friable  frac- 
ture.   On  section,  the  increase  in  the  size  of  the  oro-an 

CD 

is  seen  to  be  principally  due  to  the  increased  thickness  of 
the  cortex.  This  is  either  of  a  reddish-brown,  or  of  an 
opaque-white  or  pale  buff  colour ;  these  differences  de- 
pending upon  the  relative  proportion  of  blood  and  of  accu- 
mulated intra -tubular  elements.  Although  in  the  earliest 
stage  of  the  most  acute  forms  of  the  disease  the  colour  is 
:  redder  than  natural,  it  usually  soon  becomes  pale  and 
opaque.  This  is  owing  to  the  swelling  of  the  epithelial 
elements  and  to  the  accumulation  in  the  cortical  tubes. 
The  blood  becomes  expressed  from  the  intertubular 
vessels,  and  hence  the  increased  vascularity  is  most 
evident  in  the  Malpighian  corpuscles,  beneath  the  cap- 
sule, and  in  the  pyramidal  portion  of  the  organ.  The 
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Malpighian  corpuscles  stand  out  as  prominent  red  points, 
and  the  pyramidal  cones  are  of  a  deep  red  colour,  thus 
contrasting  strongly  with  the  pale  opaque  cortex. 

The  termination  of  the  process  varies.  The  increased 
vascularity  and  epithelial  change  may,  as  already  stated, 
subside,  and  the  inhammatory  products  passing  away  in 
the  urine,  the  organ  gradually  returns  to  its  normal  con- 
dition. In  other  cases  the  disease  continues ;  and  although 
the  vascularity  diminishes,  the  vitality  of  the  epitheUal 
elements  become  so  much  impaired  that  they  undergo 
retrogressive  changes.  The  cells  then  continue  to  come 
away  with  the  urine,  adherent  to  the  casts,  but  instead  • 
of  presenting  the  swelled  granular  appearance  as  in  the 
earlier  stage  of  the  disease,  they  contain  molecular  fat. 
This  fat  gradually  increases  in  amount  as  the  degenera- 
tion proceeds,  until  ultimately  the  cells  are  destroyed, 
and  it  appears  as  free  molecules  and  granules  on  the 
tube-casts. 

This  fatty  degeneration  of  the  epithelium  is  attended 
by  corresponding  changes  in  the  appearance  of  the  organ. 
The  redness  diminishes,  and  the  Malpighian  corpuscles 
are  less  prominent.  The  enlarged  cortex  presents  a 
yellowish- white  tinge,  studded  with  minute  yellowish 
streaks.  This  is  owing  to  the  presence  of  fat  in  the 
tubes  of  the  cortex.  This  fatty  stage,  if  only  slightly 
advanced,  may  undoubtedly  pass  off.  The  degenerated 
cells  are  carried  away  by  the  uvine,  from  those  which 
remain  in  the  tubes  the  fat  is  probably  partially  absorbed, 
the  retrograde  process  gradually  ceases,  and  the  organ 
returns  to  nearly  its  normal  size  and  condition.  In  other 
cases  the  degeneration  continues,  and,  owing  to  the  loss 
of  epithelium,  the  kidney  becomes  somewhat  diminished 
in  size.  This  atrophy,  however,  I  beheve  never  occurs 
without  changes  in  the  intertubular  connective  tissue. 

When  the  inflammatory  process  is  of  longer  duration, 
or  when  the  kidneys  are  the  seats  of  repeated  attacks 
of  sub-acute  inflammation,  the  intertubular  connective 
tissue  invariably  becomes  involved.    This  tissue  becomes 
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infiltrated  with  small  cells  wliicli  ultimately  tend  to""&rm 
a  fibrillated  stracture.  (Fig.  119.)  The  new  intertubimbr 
growth  may  gradually  increase,  and  so  lead  to  more  or 
-less  irregular  atrophy  of  the  organ,  such  as  will  be 
described  as  occurring  in  interstitial  nephritis.  (See 
"  Interstitial  Nephritis.")  In  other  cases  death  ensues 
before  any  marked  atrophy  has  taken  place,  and  thus  the 
organ  may  remain  smooth  and  large  to  the  termination  of 
the  disease.  The  intertubular  growth  is  sometimes  found 
thickly  studded  with  fatty  gi-anules. 


Tubal  Nephritis. —  Duration  of  disease,  six  mouths. 
Kulnej-s  large  ;  capsules,  nou-arlliereut  ;  surface,  smooth  ; 
tissue,  soft. — Showiug,  in  addition  to  the  intratubular 
chanfre,  the  cellular  iufiltration  of  the  intertubular  con- 
necti,ve  tissue,    x  200 

Scarlatinal  Nephritls.— The  changes  which  take  place 
in  the  kidney  in  scarlatina  were  formerly  regarded  as 
precisely  similar  to  those  which  have  been  just  described 
as  tubal  nephritis.  Eecent  investigations,  however,  show 
that  this  view  requires  considerable  modification.  It  has 
long  been  known  that  in  scarlatina  cases  sometimes  occur 
in  which  the  kidney  change  differs  from  the  type  of  ordi- 
nary acute  nephritis  ;  and  such  cases  have  been  described 
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by  Prof.  Klebs,  as  glovierulo-ftpphritls.  It  is  mainly,  how- 
ever, owing  to  tlie  more  recent  researches  of  Dr.  Klein 
that  any  exact  knowledge  of  the  scarlatinal  Iddney 
exists.*  The  changes  as  described  by  Dr.  Klein  may  be 
thus  briefly  summarised  : — 

The  earliest  changes— those  occurring  during  the  first 
week  of  the  disease — comprise  : — 

1.  Increase  of  the  nuclei  covering  the  glomeruli  of  the 
Malpighian  corpuscles. 

2.  Hyaline  degeneration  of  the  elastic  intima  of  minute 
arteries,  especially  of  the  afferent  arterioles  of  the  Mal- 
pighian corpuscles.  This  change  produces  a  swelling  of 
the  intima,  so  as  in  some  places  to  cause  a  distinct  nar- 
rowing of  the  lumen  of  the  vessel.  The  capillaries  of  the 
Malpighian  corpuscles  are  in  parts  altered  in  the  same 
way,  in  consequence  of  which  many  of  them  become  im- 
permeable. 

These  marked  and  early  changes  in  the  Malpighian 
corpuscles  are  important,  as  helping  to  explain  those 
cases  which  are  occasionally  met  with,  in  which  death 
occurs  from  anuria  and  urasmia,  and  no  catarrhal  or  other 
conspicuous  alterations  are  found  in  the  kidneys. 

3.  Multiplication  of  the  nuclei  of  the  muscular  coat  of 
the  minute  arteries,  and  a  corresponding  increase  in  the 
thickness  of  the  walls  of  these  vessels. 

4.  Cloudy  swelling  of  the  epithelium  in  the  convoluted 
tubes,  with  multiplication  of  the  epithelial  nuclei.  _  Gra- 
nular matter  and  even  blood  may  also  be  found  in  the 
tubes,  and  in  the  cavity  of  Bowman's  capsules.  These 
parencliymatous  changes  are  in  the  early  stages  of  the 
.disease  but  little  marked. 

The  later  changes— those  occurring  after   the  first 

week — consist  in  : — 

5.  A  cellular  infiltration  of  the  intertubular  connective 
tissue  of  the  cortex  (interstitial  nephritis),  together  with 

*  "The  Auatomical  Changes  of  the  Kidney  and  other  Organs  in 
Scarlatina  of  Man,"  by  Dr.  Klein:  Trans.  Path.  Soc.  Loud.,  Wu. 
.  Vol.  x.\.viii. 
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an  increase  in  the  epithelial  changes,  and  a  crowding  of 
the  tubes  with,  small  round  cells  (leucocytes).  The  cel- 
lular infiltration  commences  around  the  larger  vascular 
trunks,  whence  it  spreads  rapidly  into  the  bases  of  the 
pyramids,  and  especially  into  the  cortex.  As  it  increases 
the  epitheHum  undergoes  fatty  degeneration,  and  the 
urine-tubes  gradually  become  obliterated. 

INTERSTITIAL  NEPHEITIS. 

Interstitial  or  chronic  nef)hritis  is  characterised  by  a 
gradual  increase  of  the  connective  tissue  of  the  kidney 
and  by  atroijhy  of  the  tubular  structures.  This,  as  has 
been  seen,  often  occirrs  in  the  more  advanced  stages  of 
tubal  nephritis  (see  Fig.  119);  in  scarlatinal  nephritis; 
and  also  as  a  result  of  obstruction  in  the  lower  urinary 
passages.  It  is,  however,  most  frequent,  and  constitutes 
the  most  prominent  structural  change  in  that  variety 
of  Bright's  disease  which  is  known  as  chronic  Bright's 
disease  with  contracted  kidney,  and  which  is  characterised 
clinically  by  insidious  onset,  increased  secretion  of  urine, 
with  the  absence  both  of  albuminuria  and  of  droj^sy. 

The  changes  in  the  kidneys  in  this  most  chronic  form 
of  Bright's  disease  are  usually  exceedingly  gradual  in 
their  onset,  and  are  not  preceded  by  any  marked  vascular 
phenomena  or  by  any  activity  in  the  tubular  epithelium. 
The  first  change  appears  to  consist  in  some  cellular  in- 
filtration of  the  intertubular  connective  tissue.  (Fig. 
120.)  Usually,  however,  the  cells  are  not  numerous,  and 
the  new  tissue  is  more  or  less  developed  into  a  tibrillated 
structure.  This  is  the  condition  in  which  it  is  commonly 
met  with.  These  changes  are  almost  entirely  limited  to 
the  cortical  portion  of  the  kidney,  and  althoiigh  here  they 
are  more  or  less  general,  the  new  growth  is  more  abundant 
in  some  parts  than  in  others,  being  usually  most  so 
around  the  Malpigliian  bodies  and  in  the  neighbourhood 
of  the  capsule,  with  which  it  is  closely' united.  In  this 
stage  the  tubes  and  their  epithelium  are  unaffected. 

c  c 
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In  this  early  stage,  the  kidney  may  be  somewhat  in- 
creased in  size,  the  capsule  usually  separates  less  readily 
than  in  health,  and  the  surface  of  the  organ  is  slightly 
granular.  On  section,  the  cortical  substance  is  in  some 
cases  paler,  in  others  redder  than  natural.  The  cut-sur- 
face also  looks  obscurely  granular.  The  Malpighian  bodies 
stand  out  as  red  points,  and  the  bases  of  the  pyramids 
and  surface  of  the  organ  are  sometimes  hypersemic.  The 


Interstitial  Nephritis.— T^he  earlier  stage  of  the  process. 
Showinff  the  cellular  infiltration  of  the  lutertubular  con- 
nective tissue.  The  epithelium  has  fallen  out  of  some  of 
the  tubes  during  the  preparation  of  the  section,    x  ^m. 

consistence  of  the  kidney  is  usually  sHghtly  denser  and 
touo-her  than  natural.  This,  however,  wHl  vary  with  the 
character  of  the  new  growth,  as  will  also  the  increase  m 
size  and  the  irregularity  of  the  surface.  If  the  new  tissue 
is  slowly  developed,  the  size  will  be  but  little  mcreased, 
whereas  the  increase  in  consistence  and  the  granular  con- 
dition will  be  more  marked.  If,  on  the  other  hand,  the 
process  be  more  rapid,  and  the  cellular  infiltration  more 
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abiiudaut,  there  will  be  a  greater  increase  in  the  size,  the 
granular  character  will  be  slight,  and  the  consistence  may 
be  even  softer  than  natural. 

The  second  stage  in  the  process  is  characterised  by  the 
atrophy  of  the  tubular  structures.  This  is  probably 
juaiuly  owing  to  the  pressure  exercised  by  the  intertubular 
growth,  and  to  the  cicatricial  contraction  which  it  often 
undergoes.  Tlie  atrophy  consequently  is  not  uniform,  but 


Fig.  121. 


Meratitial  Nephritis. — An  advanced  stage  of  tlio  process. 
Showing  the  intertubular  tissue  with  the  granular  and  fatty 
dt-bris  which  result  from  the  degeneration,     x  100. 


is  more  marked  in  some  parts  than  in  others.  The  tubes 
are  now  found  in  many  parts  diminished  in  size,  or  com- 
])letely  obliterated ;  whilst  in  others  they  are  irregularly 
dilated,  and  filled  with  degenerated  epithelial  products. 
Their  walls  are  usually  thickened.  As  the  atrophy  pro- 
ceeds the  intertubular  tissue  thus  becomes  mingled  with 
the  granular  and  fatty  debris  which  results  from  the 
retrograde  process.  (Fig.  121.)  The  Malpighian  bodies 
become  approximated,  and  the  secreting  structure  throu gh- 

c  c  2 


3S8         INFLAMMATION  OF  THE  KIDNEY. 

out  large  tracts  of  the  kidney  is  defstroyed.  (Fig.  122.) 
The  irregular  pressure  exercised  by  the  uew  gro^vth  also 
gives  rise  to  the  formation  of  cysts.  These  originate 
partly  in  the  Malpighian  capsules,  and  partly  m  the 
urine  tubes— the  latter  becomiug  irregularly  dilated. 


InterstiUal  mpUritis.-A  very  advanced  stage  of 
Showing  the  large  amonnt  of  t^f ^^^-^  bet.veen  the  t^^^^ 
cortex  and  the  extensive  atrophy  of  the  tubes,    ibe  de^ene 
nxted  epithelium  which  was  contained  in  some  of  the  tubes  has 
fallen  out  in  the  preparation  of  the  section,     x  ou. 

The  small  arteries  of  the  kidney  also  undergo  im- 
portant alterations.  These  were  first  described  by  Dr. 
Johnson  Dr.  Johnson  states  that  the  walls  of  these 
vessels  are  thickened,  owing  to  hypertrophy  of  their 
longitudinal  and  circular  muscular  fibres.  This  change  is 
well  represented  in  the  accompanying  drawing,  (i  ig.  1  -o.) 
Both  the  internal  longitudinal  and  the  external  circular 
muscnlar  fibres  are  considerably  increased.  The  external 
fibrous  coat  of  the  vessel  is  also  thickened,  and  it  appears 
to  be  continuous  with  the  new  intertubular  tissue,  ibis 
thickening  of  the  external  coat  has  been  especially  in- 
sisted upon  by  Sir  W.  Gull  and  Dr.  Sutton.    I  have 
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usually  found  it  associated  with  tlie  muscular  hypertropliy, 
which  is  undoubtedly  the  most  prominent  structural 
change. 

Fig.  123. 


Arteries  from  contracted  Kidney  of  adcanced  Chronic  T}ri(]ht's 
Disease. — a.  Longitudinal  section,  showing  the  great  thickening 
of  the  internal  longitudinal  and  external  circular  muscular  coat, 
also  of  the  outer  fibrous  coat.  b.  Transverse  section  of  another 
vessel  less  diseased.  Here  is  seen  the  thickening  of  the  cir- 
cular muscular  and  external  fibrous  coat,    x  200. 

In  this  more  advanced  stage  of  the  disease  the  kidney 
is  diminished  in  size.  Its  surface  is  more  granular,  the 
capsule  more  thickened  and  adherent,  and  it  cannot  be 
removed  without  tearing  the  kidney  substance.  The 
superficial  vessels  are  seen  unduly  marked  in  the  depres- 
sions between  the  granulations.  The  cortex  is  tough 
and  fibrous,  of  a  reddish,  yellowish-grey,  or  bufF  colour, 
mottled  with  yellow  streaks  and  patches;  and  usually 
numerous  small  cysts  are  distributed  throughout  it. 
Calcareous  deposits  are  also  sometimes  seen  as  white 
streaks  between  the  tubes  of  the  pyramids. 


CHAPTER  XLI\ 


INFLAMMATION  OF  THE  BEAIN  AND 
SPINAL  COED. 

Inflammatory  processes  in  the  nervous  centres  are  pro- 
bably much  less  frequent  than  was  formerly  supposed. 
Many  of  those  morbid  changes  in  the  brain  and  spinal 
cord  which  are  attended  by  softening,  and  which  were  at 
one  time  regarded  as  the  result  of  inflammation,  are  now 
known  to  owe  their  origin  to  simple  interference  with  the 
vascular  supply,  such  as  results  from  thrombosis,  embo- 
lism, or  degenerative  changes  in  the  walls  of  the  blood- 
vessels.   (See  "  Cerebral  Softening.") 

The  injury  which  determines  the  occurrence  of  intense 
inflammations  in  the  brain  or  cord  is  most  frequently 
some  external  violence— a  blow,  simple  concussion,  or 
fracture  of  the  osseous  framework.  In  other  cases  it  is 
diseased  bone,  as  in  the  inflammation  of  the  brain  which 
so  often  results  from  disease  of  the  petrous  portion  of  the 
temporal  bone.  Lastly,  in  a  comparatively  few  number 
of  cases  these  inflammations  are  pyasmic. 

The  inflammatory  process  is  almost  invariably  limited 
to  small  portions  of  the  cerebral  or  spinal  substance.  The 
earliest  change  consists  in  a  more  or  less  intense  and 
localised  hyperasmia,  which  is  frequently  attended  by 
rupture  and  minute  extravasations  of  blood.  The  nervous 
tissue  then  becomes  infiltrated  with  young  cells  and  con- 
siderably softened,  and  it  presents  a  uniform  red  or 
mottled  colour.  This  red  softened  tissue  gradually  ac- 
quires a  brownish  or  brownish-yellow  colour  owing  to 
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changes  in  the  haemoglobin.  The  nerve-fibres,  nerve-cells, 
and  cells  of  the  neuroglia  then  become  disintegrated  and 
often  undergo  more  or  less  fatty  degeneration ;  and  thus 
the  so-called  " iutlamraatory "  or  "exudation  corpuscles" 
are  frequently  met  with.    (See  Fig.  15.) 

In  many  cases  the  accumulation  of  young  cells  is 
sufficient  to  give  rise  to  the  formation  of  an  abscess,  and 
a  yellowish  or  reddish  purulent  liquid  gradually  takes 
the  place  of  the  original  softened  mass.  The  tissue  sur- 
rounding the  abscess  is  also  hyperasmic,  softened,  and 
infiltrated  with  cells.  The  cellular  infiltration  may 
gradually  extendi  and  thus  the  abscess  increase  in  size 
until  it  opens  eitner  externally  or  into  the  ventricles.  In 
other  cases  the  abscess  becomes  limited  and  encapsuled 
by  the  formation  of  connective  tissue  from  the  neuroglia, 
and  this  tissue  often  forms  a  delicate  network  traversing 
the  cavity.  When  the  products  of  these  intense  inflamma- 
tions have  thus  become  encapsuled  they  may  gradually 
dry  up  into  caseous  or  calcareous  masses,  or  the  absorp- 
tion may  be  more  complete,  so  as  to  leave  little  more  than 
a  cicatrix.  Eespecting  the  source  from  which  the  young 
cells  are  derived — they  are  probably  entirely  emigrants. 
The  nerve-cells  themselves,  and  the  cells  of  the  neu- 
roglia, appear  to  undergo  no  active  changes  in  in- 
flammation. 

Suppurative  inflammations  are  much  more  common  in 
the  brain  than  in  the  spinal  cord.  In  the  latter  the 
inflammatory  process  is  rarely  of  sufiicient  intensity  to 
produce  abscess  ;  it  causes  merely  softening  of  the  nervous 
tissue,  and,  when  not  secondary  to  a  meningitis,  usually 
involves  primarily  and  principally  the  central  grey 
matter  (myelitis.) 

Inflammatory  Softening  op  the  Brain  and  Cord. — 
Conditions  of  softening  of  the  cerebral  or  spinal  sub- 
stance resulting  from  inflammation,  other  than  those 
which  have  been  above  described,  probably  rarely  occur 
as  primary  lesions.  Most  varieties  of  softening  which 
were  formerly  described  as  inflammatory — either  from 
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the  red  colour  of  the  softened  tissue  or  frorn  the  acute- 
ness  of  the  process — result,  as  already  stated,  from  vas- 
cular obstruction;  either  from  the  more  sudden  occlusion 
of  the  vessels  by  an  embolus  or  thrombus,  or  from  the 
more  gradual  obstruction  due  to  atheromatous,  calca- 
reous, or  syphilitic  disease  of  the  vascular  walls.  (See 
"  Cerebral  Softening.")  Inflammation  and  consequent 
softening  of  the  nervous  tissue,  however,  sometimes 
occurs  as  a  secondary  process.  It  takes  place  especially 
around  clots  of  blood  or  other  morbid  products  within  the 
brain  or  spinal  cord,  and  results  from  the  injurious  in- 
fluence which  these  substances  exercise  upon  the  imme- 
diately adjacent  structures.  Such  a  result  is  not  unfre- 
quent  in  cases  of  cerebral  haemorrhage.  The  nerve-tissue 
immediately  surrounding  the  clot  becomes  the  seat  of  an 
inflammatory  process,  and  it  is  found  after  death  softened, 
hyperasmic,  and  infiltrated  with  young  cells.  Inflamma- 
tion of  the  superficial  portions  of  the  cerebral  and  spinal 
substance  may  also  occur  as  the  i-esult  of  meningitis. 


SCLEROSIS  OP  THE  BRAIN  AND  SPINAL  CORD. 

The  term  "  sclerosis"  is  applied  to  certain  changes  m 
the  nervous  centres  which  are  characterised  by  an  increase 
of  the  connective  tissue  (neuroglia),  and  by  atrophy 
and  degeneration  of  the  proper  nervous  elements.  The 
affected  portions  are,  for  tlie  most  part,  increased  in 
consistence ;  sometimes,  however,  they  are  softer  than 
natural.  They  usually  present  a  somewhat  translucent 
appearance,  and  are  of  a  greyish  colour ;  hence  the  change 
has  been  called  "  grey  degeneration."  The  grey  colour 
appears  to  depend  upon  the  loss  of  the  white  substance 
of  the  nerve-fibres.  The  altered  tissue  also  stains  deeply 
with  carmine.  This  is  owing  to  the  fact  that  the  white 
substance  of  the  nerve-fibres  does  not  stain,  but  the  con- 
nective tissue  stains  deeply.  Hence  the  degree  of  stain- 
ing is  valuable  as  indicating,  even  to  the  naked  eye,  the 
degree  of  the  sclerosis. 
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When  the  diseased  portions  of  the  brain  aud  cord  are 
examined  microscopically,  the  cut  ends  of  the  nerve- 
fibres  are  seen,  in  transverse  sections,  to  be  separated  by 
a  granular,  finely  nucleated,  and  often  partially  fibrillated 
tissue,  which  evidently  originates  from  the  neuroglia. 
(Fig.  1-2-1-.)  The  nerve-fibres  themselves  are  atrophied, 
as  are  also  the  nerve-cells  when  the  grey  matter  is  in- 
volved ;  and  in  advanced  stages  of  the  process  but  few 
axis-cylinders  or  nerve-cells  may  be  visible.  In  maiiy 
cases  the  nucleated  character  of  the  interstitial  growth  is 
wanting.  The  walls  of  the  blood-vessels  are  also  stated 
to  be  thickened,  and  their  nuclei  to  be  increased. 

Fig.  12i. 


Sclerosis  of  Spinal  Cord. —  From  a  case  of  Pro- 
gressive Muscular  Atrophy.  A  transverse  section. 
Showing  the  atrophy  and  disappearance  of  the 
nerve-fibres,  and  the  new  tissue  between  them. 
X  200. 

Sclerosis  is  more  common  in  the  spinal  cord  than  in 
the  brain.  In  the  latter  it  occurs  most  frequently  in 
small  patches  limited  to  certain  portions  of  the  brain. 
These  must  be  distinguished  from  the  cicatrices  left  after 
the  absorption  of  blood  or  of  inflammatory  products. 
Sclerosis  of  the  cord  may  in  the  same  way  be  localised 
and  more  or  less  disseminated ;  more  commonly,  however, 
it  implicates  only  particular  nervous  tracts.  It  occurs 
thus  in  the  posterior  columns  of  the  cord  in  locomotor 
ataxy,  in  the  anterior  cornua  in  progressive  muscular 
atrophy,  and  in  the  pyramidal  tracts  as  the  result  of 
destroying  lesions  in  the  motor  tract  above  ("  Secondary 
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Degeneration").  In  the  localised  and  disseminated  forms 
of  sclerosis  tte  cellular  character  of  the  new  growth  is 
usually  more  marked  than  it  is  in  the  simple  uniform 
sclerosis  which  involves  particular  nerve-tracts. 

Eespectiug  the  nature  of  the  change— it  is  probably  in 
many  cases  the  result  of  a  chronic  inflammatory  process, 
the  new  growth  of  connective  tissue  leading  to  the  de- 
struction of  the  nerve-elements.  In  other  cases,  however, 
the  atrophy  of  the  nerve-tissue  appears  to  precede  the 
interstitial  increase,  so  that  the  process  would  rather  be 
regarded  as  a  passive  degeneration.  This  is  probably 
the  case  in  the  secondary  degenerations  of  the  cord. 


CHAPTER  XLV. 


INFLAMMATION  OF  THE  LUNGS. 

In  the  lungs,  inflammatory  jDrocesses  comprise  the  three 
; following  principal   varieties: — Croupous,  broncho-  or 

catarrhal,  and  chronic  or  interstitial  pneumonia.  Of 
:  these,  the  former  occurs  as  an  independent  affection, 
•whereas  the  two  latter  are  -usually  the  result  of  some 
:  antecedent  bronchial  or  pulmonary  inflammation. 

croupous'  pneumonia. 

Croupous,  exudative,  or  lohar  pneumonia,  is  that  form 
of  pulmonary  inflammation  which  is  met  with  in  the 
disease  known  as  acute  primary  pneumonia.    This  is 
!  now  regarded  as  a  general  disease  of  which  the  pneu- 
;  monic  consoUdation  is  the  prominent  local  lesion. 

The  local  process  is  characterised  by  intense  inflam- 
I  matory  hyperjemia  of  the  lung,  and  by  the  exudation  of 
a  large  amount  of  coagulable  material  into  the  pulmonary 
■  tissue.    It  is  termed  "  croupous"  by  the  Germans,  from 
'  the  supposed  resemblance  of  the  histological  process  to 
'  that  of  croup.    The  term  "  lobar"  is  applied  to  it  because 
it  almost  invariably  affects  an  extensive  j^ortion  of  the 
.  lung.    The  process  is  commonly  described  as  consisting 
of  three  stages — 1st,  that  of  engorgement ;  2nd,  that  of 
'  red  hepatization ;  and  3rd,  that  of  grey  hepatization. 
In  the  first  stage,  that  of  engorgement,  the  lung  becomes 
exceedingly  vascular,  the  changes  in  the  blood-vessels  and 
circulation  being  such  as  have  been  already  described  as 
characteristic  of  inflammation.    The  organ  is  of  a  dark 
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red  colour,  its  specific  gravity  and  absolute  weight  are 
increased,  its  elasticity  is  diminished,  it  is  less  crepitant 
and  more  friable  than  natural,  and  pits  upon  pressure. 
Its  cut  surface  yields  a  reddish,  frothy,  tenacious  liquid. 

Fig.  125. 


Croupous  Pneumonia— Red  N^pntltniion.—i^ho^vmg  tlio 
fibrinous  coagulum  in  one  of  the  pulmonary  alveoli  en- 
closiuf?  within  its  meshes  numerous  leucocytes,  which  aio 
already  commencing  to  undergo  fatty  melamorphosis^  A 
few  leucocytes  are  also  seen  on  tlic  alveo  ar  d  the 

alveolar  epithelium  is  swollen  and  granular,    x  -UU. 
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111  the  st'coufZ  stage,  that  of  red  hepatization,  there  is  aa 
exudation  of  liquor  sanguinis  and  migration  of  blood- 
corpnscles  into  the  pulmouaiy  tissue.  Some  of  the  vessels 
may  also  rapture,  and  thus  small  extravasations  occur. 
The  exuded  liquids  coagulate  within  the  air-vesicles  and 
terminal  bronchioles,  the  coagulum  enclosing  numerous 
white  and  some  red  blood-corpuscles.  (Fig.  125.)  It  is 
stated  by  some  German  pathologists  that  the  coagulum 
is  in  part  produced  by  certain  changes  in  the  epithelium 
like  those  believed  to  occur  in  crouj).  (See  "  Croupous 
Inflammation  of  Mucous  Membranes.")  The  lung  is 
now  much  heavier  than  in  the  preceding  stage,  and  is 
increased  in  size,  so  as  to  be  often  marked  by  the  ribs. 
It  is  quite  solid,  sinks  in  water,  and  cannot  be  artificially 
inflated.  It  does  not  crepitate  under  the  fingers,  but  is 
remavkably  friable,  breaking  down  readily  with  a  soft 
granular  fracture.  The  cut  surface  has  a  markedly 
granular  appearance,  seen  especially  when  the  tissue  is 
torn.  This  is  owing  to  the  plugs  of  coagulated  exudation 
matter  which  fill  the  alveoli.  The  colour  is  of  a  dark 
reddish-brown,  often  here  and  there  passing  into  grey. 
This  admixture  with  grey  sometimes  gives  a  marbled 
appearance.  Throughout  this  stage  there  appears  to  be 
but  little  alteration  either  in  the  alveolar  walls  or  in  the 
alveolar  epithelium.  On  the  former  are  often  seen  a  few 
leucocytes,  and  the  latter  is  usually  swollen  and  granular. 
(Fig.  125.)  The  pleura  covering  the  solid  lung  always 
participates  more  or  less  in  the  inflammatory  process.  It 
is  opaque,  hypertemic,  and  coated  with  lymph. 

The  t}drd  stage,  that  of  gray  hepatization,  is  charac- 
terised by  a  continuance  in  the  emigration  of  leucocytes, 
and  by  cell-proliferation.  The  white  blood-corpuscles 
continue  to  escape  from  the  vessels,  and  thus  their  num- 
ber within  the  alveoli  gradually  increases.  The  epithelial 
cells  lining  the  alveolar  walls,  which  were  only  swollen 
and  granular  in  the  earlier  stage  of  the  process,  now 
undergo  more  active  changes.  Their  nuclei  enlarge  and 
multiply,  and  ultimately  niimerous  new  cells  arc  produced. 


:398 


INFLAMMATION  OF  THE  LUNGS. 


The  pulmonary  alveoli  tlius  Ijecome  completely  filled  witli 
young  cell-forms,  so  that  the  fibrinous  exudation  is  no 
"longer  visible  as  an  independent  material,  as  it  is  in  the 
stage  of  red  hepatization.  (See  Fig.  125.)  The  fibrinous 
material  now  disintegrates,  and  the  young  cells  rapidly 
undergo  retrogressive  fatty  changes,  so  that,  as  usually 
seen,  the  alveoli  are  filled  with  granular  elements,  which 
in  many  parts  have  lost  their  distinctive  outlines. 
(Fig.  126.)    The  alveolar  walls  themselves,  with  few 

Tig.  12G. 


Crmipovs  Pnenmoma — Orci/  Hepatr:nt!on.— Showing  the 
large  acciuimlation  of  celUiliiv  cleiueuts  within  one  of  Ibe 
pulmonary  alveoli,  wLicli  in  some  parts  have  undergone 
such  extensive  fatty  degeneration  that  their  distinctive 
outlines  are  no  longer  visible,    x  200. 

exceptions,  remain  throughout  the  process  unaltered, 
although  occasionally  when   this   stage  is  unusually 
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advanced  they  may  be  found,  here  and  there,  partially 
destroyed.  The  weight,  density,  and  friability  of  the 
lung  now  become  even  greater  than  in  the  stage  of  red 
hepatization,  although  the  granular  aspect  of  the  cut 
surface  is  much  less  marked.  The  tissue  is  now  quite 
soft  and  puljDy,  and  a  puriform  liquid  exudes  from  its  cut 
surface.  The  most  prominent  feature,  however,  is  the 
alteration  which  takes  i^lace  in  the  colour  of  the  organ. 
This  gradually  changes  from  a  dark  reddish-brown  to  a 
grey  or  yellowish-white.  This  is  owing  partly  to  the 
pressure  exercised  upon  the  blood-vessels  hj  the  exuded 
substances  and  newly-formed  cells,  and  partly  to  the 
tatty  degeneration  which  the  latter  have  undergone.  The 
stage  of  grey  hepatization  when  far  advanced  has  been 
termed  suppuration  of  the  lung. 

Although  these  three  stages  of  the  pneumonic  process 
have  been  described  as  succeeding  one  another  in  orderly 
succession,  it  must  be  remembered  that  each  stage  does 
not  occur  simultaneously  throughout  the  whole  of  the 
affected  area  of  the  lung.  The  changes  advance  ii-regularly, 
so  that  whilst  one  portion  of  the  lung  is  in  the  stage  of 
red  hepatization,  another  may  be  in  the  grey  stage — 
hence  the  mottled  marbled  appearance  of  the  consolida- 
tion. The  rapidity  with  which  the  several  stages  succeed 
one  another  is  also  subject  to  marked  variations.  In 
some  cases  the  pneumonic  consolidation  very  rapidly 
becomes  grey,  whilst  in  others  the  time  occupied  in  the 
transition  is  much  longer. 

The  pneumonic  process  may  terminate  in  the  four  fol- 
lowing ways  : — 

1st.  In  Resolution. — The  gradual  return  of  the  lung  to 
its  normal  condition  is  the  natural  and  much  the  mt)st 
frequent  termination  of  croupous  pneumonia.  This  is 
effected  by  the  fatty  and  mucoid  degeneration  of  the 
inflammatory  products  which  have  accumulated  within 
the  alveoli,  which  thus  become  so  altered  that  they  can  be 
removed  by  absorption.  Granular  pigment  is  also  mixed 
with  the  softened  matters  arid  appears  in  the  expccto- 
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ration.  This  is  probably  partly  derived  from  tlie  extra- 
vasated  blood,  and  is  partly  that  whicli  normally  exists  m 
the  interlobular  connective  tissue.  Where  this  process  ot 
liquefaction  and  disintegration  is  taking  place  m  the 
lano-  the  granular  appearance  of  its  cut  surface  is  com- 
pletdy  lost.  It  is  of  a  yellowish-grey  colour,  and  a 
tenacious  puriform  liquid  can  be  expressed  from  its  sub- 
stance. As  the  softened  matters  become  absorbed,  the 
circulation  is  gradually  restored,  and  the  organ  ultimately 
attains  its  normal  characters. 

2ud  In  ^Z^scess.— The  formation  of  abscess  is  a  rare 
result  of  simple  pneumonia.    Such  a  result  appears  to 
be  favoured  by  a  bad  constitution,  and  by  any  circum- 
stances which  tend  to  impaii-  the  general  health,  es- 
pecially the  abuse  of  alcohol    The  abscess  is  more  com- 
mon in  the  upper  than  in  the  lower  lobes.  Circumscribed 
gant^rene  of  the  lung  may  also  occasionally  terminate  m 
abscess.    This  takes  place  by  the   evacuation  of  the 
necrotic  tissue  through  the  bronchi,  and  the  formation  ot 
a  pyoc^enic  membrane  from  the  walls  of  the  cavity,  which 
generates  pus.  The  cavity  may  ultimately  close  by  granu- 
lation and  cicatrization.    These  abscesses  of  primary 
origin  are  usually  single,  and  thus  difier  from  those  due 

to  pya?mia.  . 

3rd.  loi  Gangrene.— This,  which  is  also  rare,  is  most 
common  in  chronic  drunkards  and  in  those  of  debilitated 
constitution.    Two  conditions  appear  to  be  principally 
concerned  in  bringing  about  this  result: -one  is  the  inter- 
ference with  the  supply  of  blood  by  the  extensive  forma- 
tion of  coagula  in  the  pulmonary  and  bronchial  vessels, 
together  with  considerable  hajmorrhage  into  the  pul- 
monary tissue;  the  other  is  the  injurious  influence  of : 
septic  inflammatory  products.    The  gangrene  is  usuaUy  ■ 
limited  to  a  small  area  of  the  pneumonic  lung,  and  is  = 
either  difiuse  or  limited  by  a  zone  of  inflamed  tissue. 

4.th  In  Chronic  Fneamonia.—li  the  inflammatory  pro- 
cess does  not  subside  and  the  exuded  substances  are  not  i 
absorbed,  the  alveolar  walls  gradually  become  involved. 
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These  become  thickened  by  a  new  growth  of  fibro-nu- 
cleated  tissue,  and  thus  is  produced  more  or  less  fibroid 
induration  of  the  organ.  (See  "  Interstitial  Pneumonia.") 
This  termination  of  croupous  pneumonia  is  comparatively 
rare. 

A  croupous  pneumonia  plays  a  prominent  part  in  some 
cases  of  pulmonary  phthisis.  (See  "Pulmonary  Phthisis.") 

BRONCHO-  oil  CATARRHAL  PNEUMONIA. 

Broncho-,  catarrhal,  or  lohida.r  pneumonia  is  inflam- 
mation of  the  lung-tissue  associated  with,  and  usually 
secondary  to,  inflammation  of  the  bronchial  mucous 
membrane.  In  the  earlier  stage,  the  pulmonary  inflam- 
mation is  commonly  limited  to  scattered  groups  of  air- 
vesicles,  hence  the  term  lobular  which  is  applied  to  it. 
As  the  process  proceeds,  the  inflammatoi-y  nodules  may 
gradually  coalesce,  so  as  to  produce  larger  tracts  of  con- 
solidation. The  inflammatory  products  which  fill  the 
alveoh,  consist  largely  of  cells  derived  from  the  epithe- 
lium of  the  alveoli  and  from  the  bronchial  mucous  mem- 
brane ;  exudation  and  emigration  play  a  much  less  pro- 
minent part  in  the  process  than  they  do  in  croupous 
pneumonia.  Owing  to  this  preponderance  of  epithelial 
products,  and  to  the  association  of  the  pulmonary  with 
the  bronchial  inflammation,  the  process  has  been  termed 
catarrhal  pneumonia. 

Pathology. — The  pneumonic  process,  as  already  stated, 
is  invariably  associated  with  bronchial  catarrh.  In  some 
cases,  it  would  appear  that  the  injury  which  produces 
the  bronchial  inflammation  produces  at  the  same  time 
inflammation  of  the  air-vesicles,  but  much  more  fre- 
quently the  bronchitis  precedes  the  pneumonia,  and 
gives  rise  to  it  in  a  manner  to  be  hereafter  described. 
Whatever  causes  inflammation  of  the  bronchial  mucous 
membrane  may  thus  be  a  cause  of  broncho-pneumonia. 
Simple  bronchitis,  especially  in  childhood  and  old  age, 
and  also  the  specific  bronchitis  associated  with  measles 
and  whooping-cough,  are  the  most  frequent  precursors  of 
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the  disease.  All  conditions  which  tend  to  impair  the 
general  health  favour  the  occurrence  of  the  pneumonia. 
They  do  so  by  rendering  the  bronchial  mucous  membrane 
abnormally  liable  to  become  inflamed,  and  also  by  dimi- 
nishing the  power  of  the  respiratory  muscles,  and  thus 
aiding  in  the  production  of  pidmonary  collapse. 

Inflammation  of  the  bronchial  mucous  membrane  may 
give  rise  to  broncho-pneumonia  in  two  ways  :— 1st,  by 
causing  in  the  first  place  collapse  of  the  lung-tissue  ;  and 
2nd,  by  the  direct  extension  of  the  inflammation  from 
the 'bronchi  to  the  air-vesicles.  Of  these  the  former  is 
much  the  most  frequent.  The  pneumonic  process  being 
the  result  of  the  bronchitis,  almost  invariably  mvolves 
both  lungs. 

1.  Broncho-^meumonia  consecutive  to  Collapse— Go\- 
lapse  of  the  lung-tissue  greatly  favours  the  occurrence 
of  broncho-pneumonia,  and  usually  the  pneumonic  pro- 
cess is  principally  confined  to  those  portions  of  the 
lung  in  which  collapse  has  taken  place.    There  are  two 
circumstances  principally  concerned  in  the  production 
of  the  collapse  which  is  consecutive  to  bronchitis— the 
narrowing  or  occlusion  of  the  bronchial  tubes  due  to  the 
inflammatory  swelUng  of  the  mucous  membrane  and  the 
catarrhal  secretion,  and  the  weakness  of  the  inspiratory 
power.     The  collapse  thus  induced  is  especially  frequent 
ia  the  posterior  and  inferior  portions  of  the  lungs— those 
portions  in  which  normally  the  inflation  of  the  lung  is  least 
complete.    Commencing  here,  the  process  may  gradually 
extend  upwards  till  large  areas  of  the  lungs  become  m- 
volved    In  other  cases,  owing  to  a  more  irregular  distri- 
bution of  the  bronchial  obstruction,  the  collapse  is  limited 
to  small  isolated  portions  of  the  lung.     These  portions 
varv  in  size  from  a  hemp-seed  to  a  walnut.    1  hey  are 
commonly  more  or  less  wedge-shaped,  with  their  apices 
toward  the  bronchus  with  which  they  communicate,  and. 
the  lung-tissue  around  them  usually  presents  various 
deo-rees  of  congestion  and  emphysema. 

The  tendency  of  the  pneumonic  process  to  occur  in 
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the  collapsed  portions  of  the  lung  is  due  partly  to  the 
hypertBiuia  which  is  induced  by  the  collapse,  and  partly 
to  the  irritation  of  inhaled  bronchial  secretion.  Collapse 
of  the  lung-tissue  invariably  induces  more  or  less  conges- 
tion. This  is  owing  to  the  absence  of  the  expansion  and 
contraction  of  the  air-vesicles  which  normally  aid  the 
pulmonary  circulation,  and  also  to  the  impediment  to  the 
blood-flow  resulting  from  imperfect  aeration.  This  con- 
gestion is  quickly  followed  by  oedema,  and  the  bluish- 
purple  collapsed  portions  of  the  lung  become  darker  in 
colour,  less  resistant,  and  more  friable  in  consistence. 
In  lung-tissue  thus  altered,  a  quasi-inflammatory  process 
characterised  mainly  by  epithehal  activity  is  prone  to 
supervene. 

Another  circumstance  which  often  appears  to  play  a 
prominent  part  in  the  causation  of  the  pneumonic  process 
is  the  presence  within  the  alveoli  of  the  inflammatory 
products  of  the  bronchial  mucous  membrane.  These 
products  are  frequently  foiind  in  scattered  groups  of 
air-vesicles,  and  they  are  evidently  inhaled.  (See  Fig. 
127.)  They  are  found  both  in  the  air- containing  and  in 
the  collapsed  portions  of  the  lung,  but  especially  in  the 
latter,  the  presence  of  collapse  necessarily  interfering 
with  their  removal  by  expectoration  or  absorption.  These 
inhaled  products  are  often  found  filling  small  groups  of 
alveoli  without  any  evidence  of  subsegitent  inflammation, 
and  there  can  be  no  doubt  that  many  of  the  patches  of 
consolidation  which  are  usually  described  as  pneumonic 
are  really  non -inflammatory  in  their  nature,  and  are  thus 
produced.  At  the  same  time,  owing  to  the  irritation  of 
the  inhaled  secretion,  it  tends  to  induce  inflammatory 
changes  within  the  alveoli,  and  these  changes  are  fre- 
quently largely  owing  to  its  presence. 

2.  Broncho-pneumonia  independent  of  Collapse. — Al- 
though the  pneumonic  process  is  usually  consecutive  to 
collapse,  it  may  occur  independently.  This  may  be  owing 
either  to  the  direct  extension  of  the  inflammation  from  the 
bronchi  to  the  air-vcsicles,  or  to  the  influence  of  inhaled 
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inflammatory  products.  In  other  cases,  it  is  possible  that 
the  injury  which  causes  the  bronchitis  causes  at  the  same 
time  inflammation  of  the  pulmonary  alveoh. 

Histology,  &c.— The  appearances  presented  by  the 
lungs  after  death  vary.  The  bronchi  are  always  more  or 
less  inflamed,  and  contain  thick  mucus.  The  lung-tissue 
exhibits,  associated  in  various  degrees,  collapse,  conges- 
tion, oedema,  emphysema,  and  pneumonic  consolidation. 
The  bluish,  non-crepitant,  depressed  portions  of  collapse, 
which  become  darker  and  more  friable  with  age,  are 
usually  most  abundant  in  the  lower  lobes  and  margms 
of  the  lungs.  The  collapse  sometimes  involves  the  whole 
of  one  lobe,  but  more  commonly  it  is  limited  to  smaller 
areas.  When  scattered  and  limited  in  its  distribution, 
there  is  usually  more  or  less  em]ihysema  of  the  in- 
tervening portions  of  the  lung. 

Those  portions  of  the  lung  in  which  the  pneumonic 
process  has  supervened  most  commonly  appear  as  scat- 
tered nodules  of  consolidation,  varying  in  size  from  a 
small  pea  to  a  hazel-nut.  These  are  ill-defined,  and 
pass  insensibly  into  the  surrounding  tissue,  which  is 
variously  altered  by  congestion,  collapse,  and  emphysema. 
They  are  of  a  reddish-grey  colour,  slightly  elevated, 
smooth,  or  very  faintly  granular,  and  soft  and  friable  in 
consistence.  As  they  increase  in  size  they  may  become 
confluent.  In  a  more  advanced  stage,  the  nodular  and 
more  difl"use  consolidation  becomes  paler,  firmer,  drier, 
and  somewhat  resembles  m  appearance  ordinaiy  grey 
hepatization . 

When  examined  microscopically,  this  consolidation  is 
seen  to  consist  of  an  accumulation  withiu  the  alveoli  of  a 
gelatinous  mucoid-looking  substance,  small  cells  re- 
sembling leucocytes,  and  epithehal  elements.  In  many 
cases  much  of  this  accumulation  is  precisely  similar  to 
that  contained  in  the  smaller  bronchi,  and  it  is  evidently 
the  inflammatory  and  richly  cellular  bronchial  secretion 
which  has  been  inhaled.  (Fig.  127.)  It  is  also  often  partly 
the  result  of  exudation  and  emigration  from  the  pul- 
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inonary  capillaries  ;  for,  as  shown  by  Colinheim,  blood- 
stasis  so  injures  the  walls  of  the  blood-vessels  that 
the  blood-corpuscles  and  liquor  sanguinis  readily  per- 
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Bronclio- Pneumonia. — From  a  child,  aged  four,  with  capillary 
bronchitis.  A  section  of  one  of  the  patches  of  consolidation. 
Showdug  the  stuffing  of  the  alveoli  with  what  appears  iu  the 
main  to  be  inhaled  bronchial  secretion,    x  200. 


meatethem.  (See  "  Inflammation.")  Associated  with  this 
material  are  large  epithelial  elements,  the  offspring 
of  the  alveolar  epithelium.  These  vary  considerably  in 
number.  In  some  cases,  and  in  some  portions  of  the 
consolidation,  they  may  be  very  few,  whilst  in  others 
they  may  constitute  the  prodominant  change.  (Fig.  128.) 
These  differences  probably  depend  upon  how  far  the 
inhalation  of  bronchial  secretion  constitutes  a  part  of  the 
process. 

The  subsequent  changes  which  take  place  in  the  lungs 
vary.  When  the  disease  does  not  end  in  death,  resolu- 
tion is  the  most  common  termination.  The  contents 
of  the  alveoli  undergo  fatty  metamorphosis,  and  are  re- 
moved by  expectoration  and  absorption,  the  lung  gra- 
dually regaining  its  normal  character.    This  process, 
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however,  is  less  readily  effected  than  in  croupous  pneu- 
monia, and  it  often  occupies  such  a  lengthened  period 
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Cntarrhal  Pneumonia. — From  a  case  of  acute 
phthisis.  Showing  the  large  epithelial  cells 
which  fill  the  alveoli,    x  2UU. 

that  some  thiclcening  of  the  bronchial  and  alveolar  walls 
and  dilatation  of  the  smaller  bronchi  remains.  In 
chronic  cases  this  fibroid  thickening  is  much  more 
marked,  and  considerable  irregularly  distributed  pig- 
mented induration  and  bronchial  dilatation  may  be 
produced.  (See  "  Chronic  Pneumonia.")  In  these  chronic 
forms  the  contents  of  the  alveoli  sometimes  caseate,  and 
then  become  encapsuled,  or  in  quite  exceptional  cases  lead 
to  disintegration. 

Hypostatic  Pneumonia. — Allusion  must  be  made  here 
to  a  form  of  lung-consolidation  which  is  often  described 
as  pneumonic,  but  which,  in  reality,  is  for  the  most  part 
non-inflammatory  in  its  nature.  This  is  the  so-called 
hypostatic  pneumonia.  This  condition  is  met  with  at 
the  bases  and  most  dependent  portions  of  the  lungs 
in  the  course  of  both  chronic  and  acute  diseases,  and  also 
in  the  ao-ed  and  debilitated.    It  consists  in  the  main  of 
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collapse,  hyperasmia,  and  ceclema  of  the  lung-tissue,  re- 
sulting from  weak  inspiratory  power,  feeble  circulation, 
and  gravitation.  The  consolidation  thus  mechanically 
induced  is  increased  hy  more  or  less  exudation  of  liquor 
sanguinis  and  blood-corpuscles  into  the  alveoli,  which 
exudation  is  partly  due  to  the  damage  to  the  walls  of  the 
capillaries  caused  by  the  blood-stasis.  This  condition  of 
hypostasis  is,  as  has  been  already  stated,  especially 
favourable  to  proliferation  of  the  alveolar  epithelium  ; 
and  this  proliferation  often  occurs  to  a  greater  or  less 
extent,  and  so  tends  to  increas^he  consolidation. 

INTEESTITIAL  OR  CHRONIC  PNEUMONIA. 

Interstitial  or  chronic  pneumonia  is  characterised  by  a 
gradual  increase  in  the  connective  tissue  of  the  lung, 
which  leads  to  an  induration  of  the  pulmonary  texture, 
and  to  progressive  obliteration  of  the  alveolar  cavities. 
It  is  commonly  associated  with  catarrh  and  dilatation  of 
the  bronchi,  and  often  with  ulceration  of  the  bronchial 
walls,  and  excavation  of  the  indurated  lung. 

Pathologi'. — It  is  exceedingly  doubtful  if  interstitial 
pneumonia  is  ever  a  primary  and  independent  affection. 
It  probably  in  all  cases  owes  its  origin  to  some  antecedent 
inflammation  of  the  pulmonary  or  bronchial  textures,  or 
of  the  pleura.  It  may  be  stated  generally  that  all  in- 
flammatory processes  in  the  lungs  which  become  chronic 
lead  to  an  increase  of  the  connective  tissue  elements,  and 
consequently  to  a  fibroid  induration  of  the  organs,  and  in 
this  respect,  therefore,  these  processes  resemble  similar 
ones  in  other  parts— e.  g.,  in  the  liver,  kidney,  and  mucous 
membranes.  In  the  lungs,  by  far  the  most  common  cause 
of  suchi  induration  is  pMhisis,  in  all  cases  of  which,  ex- 
cepting in  those  which  are  the  most  acute,  thei-e  is  more 
or  less  fibroid  growth.  The  most  chronic  cases  of 
phthisis — those  in  which,  the  fibrosis  is  the  most  marked 
— are,  it  must  be  admitted,  somewhat  closely  allied  to 
some  forms  of  interstitial  pneumonia.  The  two  diseases 
differ,  however,  in  this  respect  :— that  whereas  much  of 
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the  piilmonary  consolidation  of  phthisis  tends  to  undergo 
molecular  death  and  disintegration,  that  of  interstitial 
pneumonia  exhibits  no  such  tendency,  but  any  destruc- 
tion and  excavation  of  the  indurated  lung  which  may  take 
place  is  due  to  secondary  inflammation  and  ulceration 
commencing  in  the  bronchial  walls.  In  considering  the 
pathology  of  interstitial  pneumonia,  therefore,  it  is  neces- 
sary to  exclude,  in  the  first  place,  the  pulmonary  fibrosis 
of  chronic  phthisis.  (See  "  Pulmonaiy  Phthisis.")  Inter- 
stitial pneumonia  must  ^o  be  separated  from  that  form 

Fig.  129. 
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Chronic  Brotichiiis. — Showing  the  uew  growth  of  fibro- 
nucleated  tissue  around  the  bronchus  b,  and  the  way  in 
which  this  tissue  is  invading  the  walls  of  the  adjacent 
alveoli,    c,  A  divided  blood-vessel,    x  lUO,  reduced  i. 

of  pulmonary  induration  which  is  produced  by  long-con- 
tinued mechanical  congestion  (see  "  Brown  Induration  of 
the  Lung"),  and  from  those  more  localised  indurations 
due  to  chronic  bronchitis  (Fig.  129),  and  to  syphilis. 

There  appear  to  be  four  conditions  which  may  give  rise 
to  interstitial  pneumonia.    These  are  as  follows  : — 

1.  Croupo^is  Fneu-monia. — The  pulmonary  consolida- 
ion  of  acute  croupous  pneitmonia  in  almost  all  cases 
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nudercoes  coniijlete  resolution.  Tliis  resolution  is  nsnally 
effected  rapidly,  but  occasionally  it  is  more  protracted. 
Wlieu  jirotracted,  the  hejjatized  lung  tends  to  become 
slightly  indurated,  owing  mainly  to  thickening  of  tlie  walls 
of  the  alveoli.  This  indurated  hepatization  diflers  but 
little  in  its  physical  characters  from  ordinaiy  red  and  grey 
hepatization;  it  is  simply  somewhat  firmer,  more  resis- 
tant, and  less  granular.  In  very  exceptional  cases  this 
small  amount  of  induration,  commencing  in  the  alveolar 
walls,  may  gradually  increase,  so  as  ultimately  to  give 
rise  to  that  extensive  fibrosis  of  the  lung  which  constitutes 
what  is  usually  known  as  interstitial  pneumonia. 

2.  jBro)tcho-Pneinnonia. — This  appears  to  be  a  some- 
what more  frec[uent  cause  than  the  preceding.  The 
greater  liability  of  this  foi-m  of  pneumonia  to  lead  to 
pulmonary  induration  is  to  be  accounted  for,  partly  by 
its  longer  duration  and  greater  tendency  to  become 
chronic,  and  partly  by  the  existence  of  bronchial  dilata- 
tion with  which  it  is  so  frec|uently  associated.  That 
bronchial  dilatation  is  favourable  to  an  indurative  pneu- 
monic pi'ocess  has  been  insisted  upon  by  Dr.  Wilson 
Fox*  The  existence  of  this  dilatation  favours  the  per- 
sistence of  the  catarrhal  and  pneumonic  process.  The 
removal  of  secretion  is  rendered  difficult,  and  the  re- 
tained secretion  tends  to  keep  up  and  increase  the  irri- 
tative process  both  in  the  dilated  bronchi  and  also  in  the 
pulmonary  alveoli,  and  this  persistence  of  the  bronchial 
and  pulmonary  inflammation  leads  to  fibroid  thick- 
ening of  the  bronchial  and  alveolar  walls.  In  this  way 
areas  of  fibroid  induration  are  produced,  which,  as  the 
process  proceeds,  may  ultimately  involve  large  portions 
of  the  lung.  The  progressive  tendency  of  the  process 
is  probably  partly  to  be  explained  by  the  fact  that 
pulmonary  fibrosis  is  a  cause  of  bronchial  dilatation,  so 
that  fibrosis  once  established,  by  inducing  further  dilata- 


*  Reynolds'  "  System  of  Medicine,"  vol.  iii.  Article,  Clirouic 
Pneumouia. 
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tiou  of  the  bronclii  favours  the  extension  of  the  bronchial 
and  puhiionary  induration  (Wilson  Fox). 

Under  this  head  may  also  he  included  those  cases  of 
induration  and  ulceration  of  the  lung  which  result  from 
obstruction  of  a  main  bronchus — such  as  is  produced  by 
the  pressure  of  an  aneurism.  Here  the  retained  bronchial 
secretion  sets  up  inflammatory  changes  in  the  bronchial 
and  alveolar  walls,  which  gradually  lead  to  induration 
and  ulceration  of  the  lung.* 

3.  Pleurisy. — This,  in  very  exceptional  cases,  leads  to 
the  development  of  an  interstitial  pneumonia.  It  appears 
to  be  in  those  cases  of  pleurisy  which  are  more  or  less 
chronic,  and  in  which  the  effusion  remains  long  un- 
absorbed,  that  such  a  result  is  most  liable  to  occur. 
The  induration  of  the  lung  thus  induced,  is  often,  how- 
ever, exceedingly  partial,  consisting  merely  in  some  in- 
crease of  the  interlobular  connective  tissue,  originating 
and  extending  inwards  as  dense  bands  from  the  thickened 
visceral  pleura.  In  other  cases  pleurisy  probably  gives 
rise  to  a  much  more  general  fibrosis. 

4.  The  Inhalation  of  solid  irritating  Particles. — This, 
which  occurs  in  miners,  potters,  stonemasons,  grinders, 
&c.,  is  the  cause  of  the  fibrosis  of  the  lung  so  common 
amongst  these  workmen.  The  continuous  irritation  of 
the  inhaled  particles  induces  a  bronchial  and  alveolar 
inflammation,  and  ultimately  a  progressive  fibrosis,  with 
dilatation  and  ulceration  of  the  bronchi. 

Histology,  &c. — The  appearances  presented  by  the 
lung  when  the  fibrosis  is  extensive  and  general  are  very 
characteristic.  The  organ  is  diminished  in  size ;  the 
tissue  is  smooth,  dense,  firm — in  parts  almost  carti- 
laginous in  consistence  ;  and  it  is  irregularly  mottled 
with  black  pigment.  The  alveolar  structure  of  the  lung 
is  in  most  parts  completely  destroyed,  and  on  section  the 
dilated  bronchi  are  seen  as  numerous  large  openings 


*  See  case  by  Dr.  Irvine,  Trans,  rath.  Soc.  Loml.,  vol.  sxviiL 
p.  C3. 
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scattered  over  its  surface.  Tlie  dilated  bronchi  frequently 
become  the  seats  of  secondary  inflammatory  processes, 
which  may  lead  to  ulceration  and  ultimately  to  extensive 
excavation  of  the  indurated  tisane ;  but  there  is  a  com- 
plete absence  of  any  of  those  caseous  changes  which  are 
so  characteristic  of  ordinary  phthisis.  This  secondary 
inflammation  of  the  dilated  bronchi  is  probably  induced 
by  the  irritating  and  often  putrid  secretion  which  they 
contain,  aud  which  is  only  with  great  difficulty  com- 
pletely removed  by  expectoration.  The  pleura  is  almost 
invariably  considerably  thickened  and  adherent. 

The  histological  changes  may  be  described  generally  as 
consisting  in  the  development  of  a  fibro-nucleated  tissue 
from  the  walls  of  the  alveoli,  from  those  of  the  bronchi, 
and  from  the  interlobular  connective  tissue ;  which  new 
growth,  as  it  increases,  and  from  its  tendency  to  contract, 
gradually  replaces  and  obliterates  the  alveolar  structure. 
The  character  of  these  changes,  however,  varies  somewhat 
according  to  the  inflammatory  antecedents  in  which  they 
originate.  When  the  result  of  a  croupous  pneumonia,  the 
primary,  and  usually  the  principal,  change  takes  place 
in  the  walls  of  the  alveoli  (Fig.  180),  although  ultimately 
the  interlobular  tissue  is  involved.  The  alveolar  walls 
become  thickened  by  the  growth  of  a  small-celled  tissue, 
in  which,  associated  with  the  lymphoid  cells,  there  are 
sometimes  elongated  fusiform  cells  such  as  are  found  in 
embiyonic  tissue  which  is  undergoing  fibroid  development. 
The  new  growth  in  its  earlier  stages  usually  contains  new 
blood-vessels,  but  later  the  tissue  contracts,  and  these 
become  to  a  great  extent  destroyed.  The  alveolar 
cavities  which  are  not  obliterated,  are  either  empty,  or 
contain  exudation  products  or  a  few  epithelial  cells.  In 
addition  to  the  growth  in  the  alveolar  walls,  I  have  met 
with  three  cases  in  which  intra-alveolar  exudation  pro- 
ducts were  undergoing  fibroid  development.*    There  was 


*  For  one  of  these  specimens  I  am  indebted  to  Dr.  Goodhart,  who 
records  the  case  m  the  Trans.  Path.  Soc.  LoiuL,  vol.  xxt.  p.  33. 
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nothing  peculiar  in  the  macroscopical  characters  of  the 
lungs,  but  the  alveoli  were  found  filled  with  a  fibrinous 
meshwork  and  leucocytes  somewhat  similar  to  that  met 
with  in  red  hepatization.  (See  Fig.  125.)  They  differed, 
however,  in  this  respect — that  many  of  the  cells  were 

Fig.  130. 


In  terHUial  Pneumonia. — From  a  case  of  so-called  -  cir- 
rliosis"  of  the  luug,  in  which  the  disease  was  unilateral. 
The  bronchi  were  much  dilated,  and  there  was  a  complete 
absence  of  any  caseous  change.  The  drawing  shows  the 
new  flbro-nucleated  growth,  both  in  the  alveolar  walls  and 
in  the  interlobular  tissue,  also  the  pigmentation.  At  a  a 
divided  vessel  is  seen,     x  100.* 

long  and  spindle-shaped,  and  blood-vessels  were  dis- 
tributed amongst  them,  which  blood-vessels  communicated 
with  those  in  the  alveolar  walls.  (Figs.  131  and  132.) 
The  alveolar  walls  were  also  thickened  by  a  fibro-nucleated 
growth.  It  was  therefore  perfectly  obvious  that  in  these 
lungs  the  products  of  a  previous  acute  croupous  pneu- 
monia were  becoming  vascularised  and  undergoing  de- 
velopment into  a  fibroid  structure,  and  that  this  intra- 


*  When  this  specimen  is  examined  with  a  higher  magnifying 
power  a  delicate  reticulum  can  be  seen  between  the  cellular 
elements. 
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Fig.  131. 


Chronic  Pneumonia. — Vasciilnrisation  iiud  tibroid  development 
of  iutva-alveolar  exudation  products.  Blood-vessels  are  seen 
distributed  in  the  exudation  products,  which  blood-vessels 
comiuuuicate  with  those  in  the  alveolar  walls.  The  alveolar 
walls  are  also  thickened  by  a  fibro-nucleated  growth,  x  1(J0, 
and  reduced 


Fig.  132. 


Chronic  Pneumonia. — A  portion  of  the  intra-alvoolar 
exudation  products  (Fig.  131)  more  liiglily  niagnilii'd. 
Showing  th(^  elongated  spindle  cells,  tlie  fdjrillation, 
and  the  blood-vessels  containing  blood-corpuscles. 
X  200. 
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alveolar  ctange  was  the  inincipal  cause  of  the  fibroid 
induration  of  the  organs. 

When  the  fibrosis  is  secondary  to  an  ordinary  broncho- 
imeumonia  or  to  that  induced  by  the  inhalation  of 
irritating  solid  particles,  the  new  growth  also  originates 
principally  from  the  alveolar  walls.  Here,  however,  the 
growth  in  the  earlier  stages  is  less  uniform,  and  the  peri- 
bronchial and  interlobular  connective  tissue  play  a  more 
prominent  part  in  the  process. 


CHAPTER  XLVI. 


P  U  L  M  0  N  A  E  Y  PHTHISIS. 

Bv  pulmonary  phthisis  is  understood  a  disease  of  the 
limgs  which  is  characterised  by  progressive  consolidation 
of  the  pulmonary  texture,  and  by  the  subsequent  soften- 
ing aud  disintegration  of  much  of  the  consolidated  tissue. 
Eespecting  the  nature  of  the  morbid  processes  which  lead 
to  this  consohdation  and  disintegration  of  the  lungs — 
various  opinions  have  from  time  to  time  been  held  by 
pathologists,  and  this  divei-sity  of  opinion  exists  to  some 
extent  even  at  the  present  day.  According  to  the  older 
views,  which  were  based  upon  the  teaching  of  Laennec, 
phthisis  was  regarded  in  all  cases  as  a  tuherculous  disease. 
Tubercle  was  looked  upon  as  a  specific  non-inflammatory 
growth  which  was  charactei-ised  by  the  caseous  degene- 
ration which  it  invariably  underwent  (see  "Acute  Tuber- 
culosis"), and  this  caseous  metamorphosis  was  held  to  be 
such  a  distinguishing  peculiarity  of  the  growth,  that  all 
caseous  masses  came  to  be  regarded  as  tuberculous,  and 
phthisis,  in  which  caseation  plays  such  a  prominent  pai-f, 
■was  consequently  regarded  as  a  tuberculous  disease.  The 
various  consolidations  of  the  pulmonary  tissue  were  de- 
scribed as  "infiltrated  tubercle,"  and  tubercle  in  some 
form  or  other  was  regarded  as  so  essential  a  constituent 
of  the  disease,  that ,"  phthisis"  and  "  pulmonary  tuber- 
culosis" came  to  be  synonymous  terms. 

These  older  views  respecting  the  nature  of  phthisis 
have  undergone  various  modifications  during  recent  3'ears. 
"When  the  application  of  the  term  "  tubercle"  became 
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limited  by  Virchow  and  his  followers  to  the  grey  granu- 
lation, it  was  evident  that  such  views  were  no  longer 
tenable,  and  at  the  present  time  many,  in  accordance 
with  the  advocacy  of  the  late  Professor  Niemeyer,  regard 
tubercle  as  only  an  occasional  element  in  the  causation  of 
the  disease.    In  considering  how  far  tubercle  plays  a  part 
in  the  production  o£  phthisis,  it  must  be  borne  m  mmd 
that  this  growth  is  now  known  to  be  an  inflammatory 
one.    The  miliary  lesions  which  are  commonly  known  as 
tubercular,  are  the  anatomical  results  of  chronic  inflam- 
matory processes  limited  to  small  circumscribed  areas  ; 
and  although  they  consist  in  the  main  of  a  small-celled 
lymphoid  tissue,  they  present  certain  difi-erences  m  their 
histoloo-ical  characters,  according  to  the  structure  of  the 
oro-an  iu  which  they  originate.  (See  "Acute  Tuberculosis.  ) 
Iii'the  lungs  it  has  been  seen  that  they  consist  not  only 
of  that  lymphoid  tissue  and  branched  cells  which  is  so 
characteristicoftubercularlesions,  but  also  of  accumu- 
lations of  epithelium  within  the  pulmonary  alveoh.  (bee 
"  Tuberculosis  of  the  Lungs.") 

Histology  of  Phthisis.— The  histological  chauges_  m 
the  luncrs  which  occur  in  pulmonary  phthisis  are  similar 
to  those  which  are  met  with  iu  these  organs  m  acute 
miliary  tuberculosis.  They  differ  mainly  in  this  respect- 
that  whilst  in  the  latter  disease  these  changes  are  usually 
limited  to  small  areas  (hence  the  miliary  character  of  the 
lesions),  in  the  former  they  commonly  involve  much  wider 

tracts  of  tissue.  _  -,  •    n  • 

In  studying  pulmonary  phthisis,  it  will  be  advisable  m 
the  flrst  place  to  describe  the  various  structural  changes 
which  are  met  with  in  the  lungs,  together  with  the  more 
important  alterations  which  they  produce  m  the  physical 
characters  of  the  orgaus;  and  subsequently  toexamme 
into  the  nature  of  the  morbid  processes  upon  which  these 
changes  depend,  and  to  draw  some  general  conclusious 
respecting  the  pathology  of  the  disease.  _ 

'rhe  structural  changes  met  with  in  the  lungs  m  phthisis 
are  mainly  of  four  kinds -.-Ist.  An  accmudation  of 
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t'pithclial  cells  luithlii,  the  pulmoi/ary  alveoli;  2ud.  The 
■presence  withui  the  alceoU  of  a  fibrinous  exudation  and 
leucocytes;  3rd.  A  cellular  infiltration  and  thiclceiiinij  of 
the  alveolar  -wcdls,  together  ivith,  iu  most  cases,  a  similar 
cliange  in  the  avails  of  the  terminal  bronchioles ;  and  -i-th. 
An  increase  in  the  interlobular  corrective  tissue.  These 
four  kinds  of  morbid  change  are  very  constantly  asso- 
ciated, although  in  very  different  degrees  ;  and  some  of 
them  are  more  prominent  and  characteristic  than  others. 
The  in-eponderauce  of  one  or  other  of  them  produces 
those  variations  in  the  physical  characters  of  the  lungs 
which  are  met  with  in  the  different  stages,  and  in  the 
different  varieties  of  the  disease.  These  various  structural 
changes  must  now  be  considered  separately. 

1st.  An  accumidation  of  epithelial  cells  within  the 
pulmonary  cdveoli.— This  is  one  of  the  most  frequent 
changes  met  with  in  phthisis,  and  is  precisely  similar  to 
that  which  has  been  ah-eady  described  as  occurring  iu 

Fig.  133. 


Arnte,  Phthisis. —  Showiufr  ono  of  the  alvonli  filli.'d  witli 
cpiUifli!!.!  elcMH-nts,  iind  luiirkfd  cellular  iufiltratiou  of  tliu 
aivfolar  wall,    x  20U. 

E  E 
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cases  of  true  catarrhal  pneumonia.  (See  Fig.  128.)  The 
alveoli  are  found  filled  with  large  nucleated  elements, 
which  are  the  offspring  of  the  epithelial  cells  normally 
lining  the  alveolar  walls.  (Fig.  13:3.)  In  some  acute 
cases  of  phthisis  this  alveolar  accummulation  may  con- 
stitute almost  the  only  morbid  change,  and  although 
there  is  always  some  cellular  infiltration  of  the  alveolar 
walls,  the  great  bulk  of  the  pulmonary  consoHdation  is 


Fig.  134. 


Section  of  Urn  g  from  a  Case,  of  Acute  Phthisis.— Showing 
that  the  consolidation  consists  almost  exclusively  of  pro- 
ducts accumulated  within  the  alveoli.  In  some  parts  a 
free  space  is  seen  between  the  alveolar  walls  and  their 
contents:  this  is  simply  due  to  the  shrinking  of  the 
latter  caused  by  the  hardening  of  the  specimen,    x  50. 

due  to  the  stuffing  of  the  alveolar  cavities  with  catarrhal 
products.  (Fig.  lo-l.)  In  some  parts— those  in  which  the 
change  is  the  most  recent— the  large  cells  which  fill  the 
alveoli  and  the  alveolar  walls  will  be  found  but  little 
altered,  but  in  the  gi-eater  portion  of  the  consolidated 
tissue  the  cells  will  be  seen  in  various  stages  of  retro- 
gressive metamorphosis,  and  the  alveolar  walls  destroyed ; 
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whilst  ill  those  tracts  of  tissue  in  whicli  the  process  is 
most  advanced,  all  trace  of  structure  is  lost,  and  notliiuiJ- 
is  seen  but  a  gi-auular  debris.  These  changes  are  pre- 
cisely analogous  to  those  met  with  in  many  of  the  larger 
uodular  lesions  of  acute  tuberculosis.  (See  Figs.  SO 
and  87.) 

2nd.  The  irresence  within  the  alveoli  of  a  fihriiious 
exudation  and  le'ucocytes. — This  is  less  frequent  than  the 
preceding.     (Fig.   133.)     The  exudation  products  are 


Fig.  135. 


Acute  nuhisis. — Sliowiug  ono  of  tliG  alveoli  filled  witli 
tibvinoiis  exudation  and  leucocytes,  and  some  cellulai- 
iufdtration  of  the  alveolar  wall,    x  200. 

similar  to  those  which  fill  the  alveoli  in  ordinary  croupous 
pneumonia.  (See  Fig.  125.)  The  coagulum,  however,  is 
usually  not  so  abundant,  neither  is  the  fibrillation  quite 
so  distinct.  In  the  most  acute  forms  of  phthisis  this  may 
c(jnstitute  the  principal  cause  of  the  pulmonary  consoli- 
dation, but  more  commonly  it  is  associated  with  move  or 
less  epithelial  proliferation. 
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The  appearances  presented  by  the  lungs  in  those  cases 
in  which  the  puhnonary  consolidation  is  mainly  due  to 
the  ■iftira-alveolar  changes    above    described  are  vei^ 
characteristic.    The  consolidated  tissue  is  quite  soft  and 
friable,  breaking  down  very  readily  under  the  finger,  and 
there  is  a  complete  absence  of  any  induration.    The  con- 
solidation, although  frequently  almost  uniform,  some- 
times presents  a  somewhat  lobulated  outline,  indicating 
the  implication  of  different  groups  of  the  pulmonary 
lobules.    The  colour  varies  from  a  reddish  to  a  yellowish 
grey,  and  scattered  through  the  consolidated  mass  are 
often  small  portions  of  a  more  decidedly  yellow  tint. 
These  latter  correspond  with  those  parts  in  which  the 
retrogressive  changes  are  the  most  advanced,  and  they 
are  even  softer  in  consistence  than  the  surrounding 
tissue.    In  many  parts  the  consolidated  tissue  will  be 
found  broken  down,  so  as  to  form  cavities  of  various 
sizes.    These  always  possess  irregidar  walls,  which  are 
quite  soft  and  friable,  like  the  solid  tissue  which  surrounds 
them. 

3rd.  A  cellular  infiltration  and  thickening  of  the  alveola  r 
walls,  together  with,  in  most  cases,  a  similar  change  in  the 
ivalls  of  the  terminal  hronchioles. — This  is  very  constantly 
associated  with  the  former  intra-alvcolar  changes,  and  it 
must  be  regarded  as  the  most  characteristic  phthisical 
lesion,  although  its  extent  varies  very  considerably  in 
different  cases.  The  change  is  precisely  similar  to  that 
which  has  been  already  described  as  occurring  in  acute 
miliary  tuberculosis.  In  its  earlier  stages  a  few  small 
lymphoid  cells  are  seen  infiltrating  the  alveolar  septa, 
which  are  thus  slightly  thickened. .  (See  Figs.  133  and 
13-5.)  As  the  change  proceeds,  the  number  of  these  cells 
increases,  and  from  them  an  imperfect  fibro-nucleated 
structure  is  developed,  which  in  some  parts  very  closely 
resembles  adenoid  tissue.  (Fig.  136.)  This  structure  con- 
tains no  new  blood-vessels.  As  this  new  tissue  develops 
in  the  alveolar  walls,  it  gradually  obliterates  and  replaces 
the  alveolar  cavities,  so  that  whilst  in  some  portions  the 
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thiokoned  alveoli  may  be  found  still  contaiuiug  epithelial" 
elements,  exudation  products,  or  even  giant  cells,  in  others 
large  tracts  will  be  seen,  consisting  almost  entirely  of  the 
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Section  nf  Lung  from  a  Case  of  somewhat  Chronic  Phthisis. 
— Sbowing  the  thickening  of  the  alv(3olar  walls  by  a  fibro- 
inicleated  adenoid-like  tissue  ;  togetlier  with  an  accumu- 
lation of  epithelial  cells  -within  the  alveolar  cavity.  The 
latter  are  undergoing  retrogressive  changes,    x  2011. 

small-celled  growth.  The  development  of  this  new  non- 
vascular tissue  in  the  alveolar  walls  leads  to  the  partial, 
or  even  complete,  obliteration  of  the  pulmonary  capillaries, 
which,  as  will  be  seen  subsequently,  constitutes  an  im- 
portant element  in  the  causation  of  the  retrograde 
changes. 

The  changes  which  may  subsequently  take  place  in 
this  alveolar  growth  vary.  The  infiltrated  septa  may 
rapidly  break -down  before  any  marked  thickening  or 
development  of  new  tissue  has  had  time  to  occur  ;  whilst 
in  other  less  acute  cases  there  is  a  consideraljle  develop- 
ment of  the  imperfect  fibro-nucleated  tissue,  which, 
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alGiouii-h  it  may  remain  as  a  more  or  less  permaneut 
.structure,  usually  owing  to  insufficient  vascular  supply, 
undergoes  in  its  turn  retrogressive  metamorpliosis.  These 
two  kinds  of  change  are  very  often  found  talcing  place 
simultaneously  in  different  portions  of  the  consolidated 
lung.  In  those  portions  in  which  tlie  new  tissue  is  under- 
going degeneration,  it,  together  witli  the  cells  which 
may  be  contained  within  the  alveoli,  will  be  seen  to  have 
liecome  converted  into  a  structureless  granular  debris, 
whilst  perhaps  in  immediate  vicinity  to  these  more 
degenerated  portions  will  be  found  a  more  permanent 
Hl>ro-nucleated  structure. 

Respecting  the  alteration  which  the  gro-svtb  of  this 
small-celled  tissue  produces  in  the  physical  characters  of 
the  lungs— it  may  be  stated  generally,  that  it  usually 
leads  to  more  or  less  induration  of  the  pulmonary  texture. 
The  extent  of  this  induration,  however,  will  vary  accord- 
ing to  the  characters  of  the  new  tissue.  If  the  tissue  be 
almost  entirely  cellular,  such  as  is  the  case  when  it  is  very 
rapidly  developed,  it  will  produce  but  little,  if  any,  indu- 
ration of  the  pulmonary  consolidation,  wbicli,  consisting 
mainly  of  the  intra-alveolar  accumulations,  will  be  soft 
and  friable  in  consistence,  much  resembling  that  which 
has  been  already  described.  When,  on  the  other  hand,  as 
is  more  frequently  the  case,  there  is  any  considerable 
development  of  the  imperfect  fibro-nucleated  growth,  or 
its  reticulum  is  dense  and  abundant,  there  will  be  a 
corresponding  induration  of  the  consolidated  tissue.  In 
many  cases  these  changes  produce  uniform  tracts  of 
indurated  consolidation  of  a  greyish  colour  mottled  with 
black  pigment,  in  which  there  may  be  scattered  here  and 
there  yellowish  patches  corresponding  to  those  portions 
which  have  undergone  retrogressive  fatty  changes. 

4th.  An  increase  in  the  interlobular  connective  tissue. — 
This  is  met  with,  to  a  greater  or  less  extent,  in  all  the 
more  chronic  forms  of  phthisis.  This  tissue,  which  sur- 
rounds the  bronchi  and  blood-vessels,  and  contributes  to 
the  formation  of  the  alveoli,  is  found  not  only  increased 
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ill  iimouut,  but  also  altered  in  character.    lu  the  earlier 
sta'4-es  of  its  development,  wlien  it  contains  numerous 
small  cells,  altliorigli  many  parts  of  it  may  resemble  the 
growth  in  the  alveolar  walls,  its  structure  is  more  like 
that  met  with  as  the  result  of  chronic  indurative  pro- 
cesses in  other  organs.    It  has  a  much  greater  tendency 
to  become  developed  into  a  fibroid   tissue   than  the 
alveolar  growth,  and  is  rarely  the  seat  of  those  retrograde 
changes  which  are  so  frecpient  in  the  tissue  originating 
in  the  alveolar  walls.    As  usually  met  with,  it  consists 
either  of  wavy  fibres  or  of  a  more  or  less  reticulated 
structure,  with  a  varying  number  of  round,  spindle- 
shaped  or  branched  cells.    (Fig.  137.)  Associated  with  it. 

Fig.  137. 
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in  most  cases,  are  granules  of  black  pigment.  Tliese  dif- 
ferences in  the  pathological  tendencies  and  structure  of 
the  alveolar  and  interlobular  growths  are  mainly  owing 
to  differences  in  the  amount  of  their  vascular  supply. 
Whereas  in  the  former  the  vessels  become  obliterated  in 
the  manner- already  described,  in  the  latter  this  oblitera- 
tion is  much  less  complete  or  entirely  wanting.  In  the 
most  chronic  cases  of  phthisis  this  interlobular  growth 
may  constitute  the  jjredominant  structural  change,  and 
large  tracts  of  the  pulmonary  texture  ma}''  be  found 
completely  replaced  by  it.  (See  "Interstitial  Pneu- 
monia.") 

An  increase  in  the  interlobular  connective  tissue  in 
phthisis — inasmuch  as  the  new  tissue  has  so  marked  a 
tendency  to  become  dense  and  fibroid — leads  to  extensive 
induration  of  the  pulmonary  texture  ;  and  further,  owing 
to  the  contraction  which  the  tissue  tends  to  undergo,  its 
growth  ultimately  produces  a  corresponding  contraction 
of  the  diseased  lung.  In  all  those  cases  of  plithisis  in 
which  there  is  either  a  marked  thickening  of  the  alveolar 
walls,  or  an  increase  in  the  interlobular  connective  tissue, 
any  cavities  which  may  exist  in  the  consolidated  and 
indurated  tissue  are  chai-acterised  by  the  tough  and 
fibroid  character  of  their  walls,  these  presenting  a  marked 
contrast  to  the  soft  friable  tissue  which,  surrounds  the 
cavities  in  those  cases  in  which  the  pulmonary  consolida- 
tion is  mainly  due  to  intra-alveolar  changes. 

Changes  in  the  Bronchi. — Allusion  must  now  be  made 
to  certain  changes  in  the  bronchi.  These  tubes  are 
invariably  more  or  less  involved  iu  pulmonary  phthisis. 
Some  catarrh  of  the  bronchi  is  constantly  present  in 
phthisical  lungs.  The  catarrh  is  sometimes  general,  but 
much  more  commonly  it  is  limited,  and  more  strictly 
confined  to  such  portions  of  the  lung  as  are  becoming,  or 
have  already  become,  consolidated.  In  many  cases  there 
is  a  marked  tendency  of  this  bronchial  catarrh  to  lead 
to  extensive  cellular  infiltration  of  the  deeper  structures 
of  the  bronchial  wall.    This  is  especially  the  case  in  the 
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scrofulous.  (See  "  Scrofulous  luflammatiou,"  Fig.  76.) 
This  cellular  infiltration  sometimes  leads  to  tlic  produc- 
tion of  small  ulcers.  These  have  thickened  opaque  edges, 
and  when  once  formed  they  tend  to  increase.  In  addition 
to  these  changes  in  the  bronchial  mucous  membrane, 
there  is  often  a  cellular  infiltration  of  the  pei'i-bronchial 
tissue,  and  here  small  nodules  of  new  growth  are  fre- 
quently met  with — especially  around  the  smallest  bronchi. 
The  development  of  these  nodules  is  probably  due  to  the 
transmission  of  infective  substances  by  means  of  the 
lymphatics  from  the  bronchial  mucous  membrane  (tuber- 
culosis). 

Pathology  op  Phthisis. — Having  thus  briefly  described 
the  various  structural  changes  met  with  in  the  lungs  in 
phthisis,  it  remains  to  consider  the  nature  of  the  morbid 
processes  upon  which  they  depend.  In  the  first  place,  it 
is  evident  that  these  changes  are  analogous  to  those  which 
have  been  seen  to  occur  in  the  several  forms  of  pulmonary 
inflammation.  The  fibrinous  exudation  and  leucocytes, 
and  the  accumulation  of  epithelial  cells  within  the  alveoli 
in  croupous  and  catarrhal  pneumonia,  with,  in  tho  more 
chronic  cases,  the  ultimate  infiltration  of  the  alveolar 
walls ;  and  the  increase  in  the  interlobular  connective 
tissue  which  characterises  the  interstitial  process,  closely 
resemble  the  phthisical  lesions.  These  considerations, 
together  with  thlSse  derived  from  the  study  of  the  etiology 
of  the  disease,  are  sufficient  to  justify  the  conclusion  that 
the  morbid  processes  which  lead  to  the  consolidation 
and  subseqtient  disintegration  of  the  lung  come  within 
the  category  of  inflammation,  and  that  the  differences  in 
the  histological  changes  to  which  they  give  rise  are 
mainly  due  to  differences  in  the  intensity,  in  the  duration, 
and  in  the  mode  of  origin  of  the  inflammatory  process. 

In  considering  the  causes  of  these  differences  in  the 
histological  changes  in  the  lungs,  it  is  important  to  bear 
in  mind  what  has  been  already  stated  respecting  the 
variations  in  the  character  of  tho  textural  alterations  in 
inflammation  which  are  produced  by  difierences  in  the 
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inteusit}'  aud  duration  of  tlie  inflammatory  process.  (See 
"  Varieties  of  Inflammation.")    Wlien  studying  the  pro- 
cess of  inflammation  it  was  seen  that  the  most  intense 
forms  of  the  process  were   characterised,  by  abundant 
fibrinous  exudation  and  emigration  ;  whereas  in  inflam- 
mations of  leas  intensity  the  testural  changes  played  a 
more  prominent  part.  These  textural  changes  also  varied 
according  to  the  intensity  of  the  inflammation.    In  the 
least  severe  and  most  chronic  forms  these  changes  tended 
to  be  limited  to  the  elements  immediately  adjacent  to  the 
blood-vessels  and.  lymphatics,  whereas  in  inflammation.s 
of  somewhat  greater  intensity  more  distant  elements  be- 
came involved.    Further,  whereas  in  the  former  case  these 
changes  usually  resulted  in  the  formation  of  a  small-ceUed 
tissue  which  tended  to  become  fibroid,  in  the  latter,  the 
more  distant  elements — being  in  most  cases  incapable  of 
further  development— tended  to  undergo  retrogressive 
changes.    In  the  lungs,  the  truth  of  these  propositions 
was  iDorne  out  by  the  differences  which  were  seen  to  exist 
in  the  histological  characters  of  the  lesions  in  the  various 
forms  of  pulmonary  inflammation,  and  also  in  acute 
tuberculosis. 

If  the  pathology  of  these  inflammatory  processes  in 
the  lungs  be  kept  in  view,  the  explanation  of  the  diffe- 
rences in  the  histological  characters  of  the  lesions  in  pul- 
monary phthisis  becomes  tolerably  evident.  In  those 
cases  in  which  the  inflammatory  processes  are  of  slight 
intensity  and  of  long  duration,  the  most  marked  struc- 
tural change  will  consist  in  the  development  of  a  small- 
celled  growth  in  the  alveolar  walls  and  in  the  interlobular 
tissue— a  growth  which  tends,  more  or  less,  to  become 
developed  into  a  fibroid  structure  ;  whereas  in  those  cases 
in  which  the  inflammation  is  of  greater  intensity,  fibrinous 
exudation  and  emigration,  and  proliferation  of  the  alveo- 
lar epithelium,  will  constitute  more  prominent  parts  of 
the  process. 

The  intensity  of  the  inflammatory  process  not  only 
determines  to  a  great  extent  the  histological  characters  of 
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the  pulmonaiy  consolidation,  but  also  the  subsequent 
changes  which  take  place  in  it.  In  those  cases  of  phthisis 
in  which  the  intensity  of  the  inflammatory  process  is  con- 
siderable, not  only  do  the  epithelium  and  exudation  ])ro- 
ducts  which  have  accumulated  within  the  alveoli  quickly 
degenerate  and  break  down,  but  any  small-celled  tissue 
which  may  have  been  developed  in  the  alveolar  walls  or 
around  the  terminal  bronchioles  also  softens  and  dies, 
and  thus  the  vitality  of  large  tracts  of  the  pulmonary 
consolidation  may  become  destroyed.  In  those  cases,  on 
the  other  hand,  in  which  the  process  is  less  intense,  the 
small-celled  growth  produced  in  the  alveolar  and  bronchial 
walls  is  more  permanent,  and  there  is  an  increase  in  the 
interlobular  connective  tissue.  It  is  these  two  kinds  of 
change,  the  one  tending  towards  death,  and  the  other 
towards  progressive  development,  which  produce  the 
caseation  and  softening  on  the  one  hand,  and  the 
induration  on  the  other,  which,  associated  in  such  various 
degrees,  make  up  the  diverse  physical  characters  of  the 
phthisical  lung. 

These  various  secondary  changes  which  may  take  place 
in  the  pulmonary  consolidation  of  phthisis  must  be  con- 
sidered more  fiilly.  They  are  of  three  kinds— resolution, 
development  into  an  imperfect  fibroid  tissue,  and  retro- 
grade metamorphosis. 

Resolution.— Mnch  of  that  consolidation  of  the  lung 
which  is  the  most  rapidly  induced,  and  which  is  conse- 
quently owing  to  the  presence  of  intra-alveolar  exudation 
matter,  may  become  absorbed.  The  resolution  of  the  con- 
solidation may  thus  be  complete,  or  after  the  absorption 
of  the  intra-alveolar  products  there  may  remain  more  or 
less  infiltration  of  the  alveolar  walls. 

Fibroid  Development.— This,  as  has  been  seen,  may 
take  place  in  the  growth  in  the  alveolar  walls,  and  also  m 
the  new  interlobular  tissue.  The  tissue  which  originates 
in  the  walls  of  the  alveoli,  however,  being  for  the  most 
part  destitute  of  blood-vessels,  is  incapable  of  forming  a 
very  mature  structure,  although  it  may  become  developed 


INFLAMMATION  OF  THE  LUNGS. 


into  an  imperfect  adenoid-like  tissue,  which  may  remain 
for  some  time  permanent,  and  so  contribute  to  the  indu- 
ration of  the  lung.  In  the  new  interlobular  tissue,  there 
is  not  the  same  interference  with  the  vascular  supply,  and 
hence  this  forms  a  much  more  fnlly  developed  and  per- 
manent structure,  and  it  is  the  principal  source  of  the 
pulmonary  fibrosis.  The  extent  of  this  fibrosis  is,  for  the 
most  part,  in  direct  proportion  to  the  chronicity  of  the 
disease. 

Retrograde  Metamorphosis. — It  is  this  kind  of  change 
which  leads  to  that  caseation,  softening,  and  dismte- 
gratiou  which  is  so  characteristic  of  phthisis,  and  which 
distinguishes  phthisical  from  other  forms  of  pneumonic 
consolidation.  A  retrograde  change  in  the  inflammatory 
products  is  an  invariable  accompaniment  of  acute  non- 
phthisical  pnenmonia.  Much  of  the  exudation  matter  and 
epithelium  which  fill  the  alveoli  iindei-gies  fatty  and 
mucoid  changes,  and  as  the  circulation  becomes  restored 
in  the  pulmonary  cajjillaries,  the  degenerated  pi-oducts  are 
absorbed,  and  the  lung  remains  intact.  In  phthisical 
consolidation,  however,  this  removal  of  the  inflammatory 
products  does  not  take  place.  The  contents  of  the  alveoli 
degenerate,  but  the  degenerated  products  are  not  absorbed, 
and  the  consolidated  lung  undergoes  a  rapid  or  gradual 
process  of  disintegration. 

In  studying  the  causes  of  this  retrograde  metamor- 
phosis, which  constitutes  so  esssential  a  feature  of  the 
disease,  it  is  undoubtedly  jDriucipally  di;e  to  conditions 
interfering  with  the  circulation.  Of  these  conditions, 
that  which  occupies  the  most  prominent  place  is  that 
cellular  infiltration  of  the  walls  of  the  alveoli  and  smaller 
bronchi  which  is  such  a  constant  though  very  variable 
factor  in  phthisis.  It  has  been  seen  that  this  infiltra- 
tion is  especially  characteristic  of  scrofulous  inflamma- 
tions, and  that  it  occurs  in  a  modified  form  in  those  who 
are  not  markedly  scrofulous,  and  also  in  all  pulmonary 
inflammations  which  become  chronic.  When  the  infiltra- 
tion is  marked,  and  especially  when  rapidly  induced,  the 
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eft'uct  of  the  pressure  which  the  youug  cells  exercise  upon 
the  pulmonary  capillaries  is  to  obstruct  the  circulation, 
and  so  not  only  to  prevent  the  absorption  of"  any  inti-a- 
alveolar  jH-oducts,  but  also  to  lead  to  necrotic  changes. 

There  are  two  other  conditions  which,  although  of  less 
importance  than  the  preceding,  also  tend  to  interfere 
with  the  circulation,  and  so  to  cause  necrosis.  These  are 
the  pressure  which  is  exercised  upon  the  pulmonary 
capillaries  by  the  inflammatoiy  iDroJucts  which  have 
accumulated  within  the  alveoli ;  and  that  tendency  to 
stagnation  of  the  blood-stream  which  is  an  invariable 
accompaniment  of  every  intense  inflammation.  The 
operation  of  these  conditions  obtains  in  the  most  acute 
forms  of  phthisis. 

In  addition  to  the  interference  with  the  circulation,  an 
important  element  in  the  causation  of  the  retrograde 
changes  of  phthisis  is  probably  that  inherent  weakness 
of  the  kings  (usually  inherited),  which  not  only  renders 
them  especially  suscejatible  to  injury,  but  also,  when  in- 
jured, renders  them  abnormally  incapable  of  recovering 
themselves  irom  the  inflammatory  process  wliich  has 
been  induced. 

In  many  cases  of  phthisis  also,  especially  in  the  more 
chronic  forms,  secondaiy  inflammation  and  ulceration  of 
the  pulmonary  consolidation,  resulting  from  the  injurious 
influence  of  retained  secretions  and  inflammatory  pro- 
ducts, constitutes  an  important  factor  in  the  causation 
of  the  destruction  of  the  lung. 

Etiology  of  Piixmsis.— In  studying  the  etiology  of 
phthisis  it  will  be  necessary  to  consider,  in  the  first 
place,  that  inherent  pulmonary  weakness  which  exists  so 
frequently  in  this  disease;  secondly,  to  examine  into 
the  several  methods  by  which  injuries  may  be  infhcted  on 
the  lung  in  such  a  way  as  to  set  up  an  inflammatory  pro- 
cess ;  and  lastly,  to  point  out  in  what  way  the  occurrence 
and  progress  of  the  disease  are  intluenced  by  the  general 
health  of  the  individual. 

IiiJierent  indmonary  weahness,  usually  inherited  but 
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often  acquired,  exists  in  a  large  proportion  of  the  cases 
of  phthisis.  This  weakness  not  only  renders  the  lungs 
abnormally  susceptible  to  the  various  kinds  of  injurious 
irritation,  but  also  makes  them  less  capable  than  strong 
lungs  of  recovering  themselves  from  the  effects  of  the 
inflammatory  process  which  the  injury  has  produced. 
Inherent  pulmonary  weakness  is  most  freciuently,  but  by 
no  means  always,  a  part  of  that  general  constitutional 
state  known  as  scrofula,  in  which  the  mucous  membranes 
generally,  and  especially  that  of  the  respiratory  organs, 
are  so  abnormally  hable  to  become  inflamed. 

Inflammatory  processes  may  he  induced  in  the  lungs 
by— 1st,  injuries  inflicted  upon  the  surface  of  the  body  ; 
2nd,  by  injuries  inflicted  through  the  medium  of  the 
bronchi ;  and  3rd,  by  infection. 

By  injuries  inflicted  upon  the  surface  of  the  body  I 
mean  that  general  chilling  of  the  surface  which  results 
from  exposure  to  cold.  That  this  is  a  frequent  cause  of 
bronchial  and  pulmonary  inflammation  is  well  known.  _ 

A  more  important  agent  in  the  production  of  phthisis 
than  the  preceding  is  the  injurious  irritation  of  the  lungs 
through  the  medium  of  the  bronchi.  The  bronchial 
mucous  membrane,  communicating  as  it  does  with  the 
external  air,  is  especially  liable  to  injury,  and  the  extreme 
frequency  %vith  which  the  development  of  phthisis  is  pre- 
ceded or  accompanied  by  successive  attacks  of  bronchial 
catarrh  is  a  well  established  clinical  fact,  the  important 
bearing  of  which  npon  the  successful  treatment  of  the 
disease  it  would  be  difficult  to  over-estimate.  _  In  con- 
sidering bronchial  cartarrh  as  a  cause  of  phthisis,  it  is 
important  to  bear  in  mind  how  greatly  the  occurrence  and 
character  of  this  catarrh  are  influenced  by  the  existence 

of  scrofula.  '5' 
In  other  cases,  injuries  inflicted  through  the  medium  ot 
the  bronchi  appear  to  exercise  their  influence  cUrectly 
upon  the  inner  surface  of  the  air-vesicles  without  pro- 
ducing any  inflammation  of  the  bronchial  mucous 
membrane.    This   is  probably  a  very  important  way 
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in  which  such  injuries  cause  phthisical  consolidation  of 
the  luug. 

The  prominent  position  which  these  injuries  inflicted 
throug-h  the  medium  of  the  hronchi  occnpies  in  the 
causation  of  phthisis,  is  shown  by  the  fact  that  the 
luug-cousolidation  in  this  disease  is,  for  the  most  part, 
lohulated  in  its  distribution.  Groups  of  air-vesicles  com- 
municating with  the  terminal  bronchioles  become  impli- 
cated, and  thns  are  produced  lobnlar  lesions.    (Fig.  138.) 


Fig.  138. 


Acute.  Phthisis. — A  transverse  section  of  a  terminal 
bronctius  (aiv-passaa;e)  and  the  surrounding  alveoli. — 
Showing  the  lobulated  character  of  the  pulmonary  cou- 
aoUdation.  cavity  of  bronchus  containing  a  little 
mucus.    V,  a  blood-vessel,    x  50,  reduced  i . 


This  lobnlated  distribution  of  the  phthisical  consoHdation 
is  exceedingly  characteristic,  and  even  in  those  acute 
cases,  in  which,  owing  to  the  rapid  and  extensive  impli- 
cation of  the  lung,  the  consolidation  may  to  the  naked 
eye  appear  almost  uniform  (like  a  croupous  pneumonia), 
the  microscope  will  usually  reveal  a  lobular  character. 
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The  last  method  by  which  injuries  may  he  iuflicted 
upon  the  lungs  is  by  means  of  infection.    By  this  is 
understood  the  property  possessed  by  certain  inflamma- 
tory products— especially  by  those  which  have  become 
caseous— of  exercising  an  injurious  influence  upon  the 
immediately  adjacent,  and  also  upon  distant  tissues,  and 
so  leading  to  the  development  of  secondary  inflamma- 
tions. (See  "  Infective  Inflammations.")  Phthisical  con- 
solidation of  the  lung  frequently  possesses,  to  a  greater  or 
less  extent,  this  infective  property,  as  a  consequence  of 
which  the  consolidation  tends  to  spread  and  involve  larger 
areas  of  the  pulmonary  tissue;  and  also,  owing  to  the 
absorption  and  dissemination  of  infective  particles,  it 
tends  to  cause  secondary  inflammatory  processes  in  its 
vicinity  or  in  more  distant  parts.   This  infective  property 
is  precisely  similar  to  that  which  has  been  seen  to  exist 
in  the  focus  of  infection  in  acute  tuberculosis;  but 
whereas   in   this   disease    the    dissemination    of  the 
infective  particles  takes  place  by  means  of  the  blood- 
vessels, in  the  more  limited  processes  which  occur  in 
phthisis  it  is  eflfected  principally  by  the  lymphatic  vessels 
and  serous  canals.    It  is  this  more  limited  infection 
which  gives  rise  to  many  of  the  nodules  of  induration 
which  are  so  frequently  met  with  in  phthisical  lungs. 
The   infective  process   usually  supervenes  upon  pre- 
existing phthisis. 

There  remains  still  one  other  factor  which  has  a  most 
important  influence  upon  the  causation  of  phthisis— //ie 
general  health  of  the  individual.  That  the  development 
and  progress  of  phthisis  is  greatly  influenced  by  the  state 
of  the  general  health  is  well  known.  That  this  should  be 
so,  will  be  readily  understood  if  the  inflammatory  nature 
of  the  disease  be  kept  in  view,  inasmuch  as,  in  all  cases, 
the  susceptibility  of  a  living  tissue  to  injury  is,  cattvis 
faribtis,  greater,  and  the  power  of  recovering  itself  from 
the  efl"ect  of  the  inflammation  less,  the  lower  the  standard 
of  the  general  health. 

Vakieties  of  Phthisis. — In  conclusion,  allusion  must 
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be  made  to  the  different  varieties  of  pulmonary  phthisis. 
How  far  is  a  subdivisiou  of  the  disease  into  different 
pathological  varieties  admissible  P  Although  the  varia- 
tions observed  iu  the  physical  characters  of  phthisical 
lungs  and  also  iu  the  clinical  history  of  the  disease,  have 
led  to  its  subdivisiou  into  different  kinds,  it  appears  to 
me  that  there  are  no  pathological  grounds  for  any  such 
subdivision.  The  variations  observed  in  the  clinical 
history  of  phthisis  and  in  the  physical  characters  of 
phthisical  lungs  are,  I  think,  mainly  to  be  ascribed  to 
variations  in  the  duration  and  intensity  of  the  inflam- 
matory processes  which  give  rise  to  the  pulmonary  con- 
solidation, and  also  to  the  parts  which  primary  pulmonary 
inflammation,  bronchial  inflammation,  and  infection,  play 
respectively  in  the  causation  of  the  disease.* 


*  For  a  moro  complete  account  of  Pulmonary  Phthisis,  see — 
"  The  Pathology  of  Pulmonary  Consumption,"  by  the  Author, 
187s. 


CHAPTER  XLVII. 


THE  PEEPAEATION  AND  MOUNTING  OF 
SPECIMENS. 

In  this,  the  concludiug  chapter,  it  is  proposed  to  describe 
very  briefly  the  more  coramon  methods  of  preparing  and 
mounting  specimens  for  microscopical  examination.  It 
is  not  intended  to  give  an  account  of  those  various  and 
complex  methods  of  investigation  which  are  required  for 
minute  histological  research,  but  mei-ely  to  describe  those 
more  easy  ones  which  suffice  in  the  great  majority  of 
cases  for  the  recognition  of  the  structural  alterations  met 
with  in  disease.  In  order  to  be  as  brief  as  possible,  those 
methods  only  will  be  described  which  I  believe  to  be  the 
most  readily  available  and  at  the  same  time  to  yield  the 
most  satisfactory  results.  The  subject  will  be  treated 
under  the  following  heads: — 1st.  The  Examination  of 
Specimens  ivliilst  fresh ;  2nd.  The  Hardening  of  Speci- 
mens;  3rd.  The  Maldng  of  Sections;  4th.  Staining; 
5th.  Preservation  and  Mounting. 

THE  EXAMINATION  OF  SPECTMENS  WHILST  ERESU. 

Very  much  may  be  learnt  from  the  examination  of 
specimens  in  their  fresh  ■  state  before  they  have  been 
submitted  to  any  hai'dening  process.  The  examination 
may  be  conducted  either  by  makiug  thin  sections  of  the 
tissue  with  a  Valentin's  knife,  or  by  cutting  oS"  a  minute 
portion  and  tearing  it  to  pieces  with  fine  needles.  The 
specimen  prepared  in  either  of  these  ways  in2.y  be  ex- 
amined in  a  '75  per  cent,  solution  of  chloride  of  sodium, 
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or  in  g-lyceriue.  Thin  merabrauous  stractures  may 
be  examiued  by  simply  spreading  them  out  in  a  drop  of 
water  placed  npon  the  glass  slide,  and  then  covering  them 
with  glycerine. 

The  method  of  mating  sections  of  organs  whilst  fresh 
with  a  Valentin's  knife  is  an  exceedingly  easy  and  useful 
way  of  at  once  ascertaining  in  the  post-mortem  room  the 
existence  of  the  more  marked  structural  changes.  The 
Icnife  should  be  well  wetted  with  water,  and  then  drawn 
rai>idly  through  the  substance  of  the  organ.  The  section 
thus  obtained  is  gently  washed  in  water  before  being 
examined  in  saline  solution  or  glycerine.  A  rough  exami- 
nation of  the  liver, kidneys, and  lungs  is  in  this  way  readily 
made. 

The  muscular  fibres  of  the  heart  and  tumours  may  be 
examined  by  the  process  of  teasing.  This  process,  how- 
ever, is  usually  more  readily  effected  after  the  specimen 
has  been  kept  in  Miiller's  fluid  or  in  a  solution  of  bichro- 
mate of  potash  in  the  manner  to  be  hereafter  described. 
In  the  examination  of  tumours,  much  may  be  learnt  by 
gently  scraping  the  freshly-cut  surface  with  a  Imife  and 
examining  in  glycerine  the  elements  which  are  thus  sepa- 
rated. 

THE  HARDENING  OF  SPECIMENS. 

In  order  to  make  a  complete  and  satisfactory  examina- 
tion of  diseased  structures,  it  is  in  almost  all  cases  neces- 
sary to  submit  them  to  a  process  of  hardening.  By  this 
process  they  are  so  altered  that  fine  sections  of  them  can 
be  made,  and  the  sections  are  also  rendered  more  fit  for 
permanent  preservation  than  are  those  obtained  from 
tissues  in  their  fresh  state.  Nnmei'ous  substances  have 
been  employed  as  hardening  agents.  Those,  however, 
which  are  the  most  generally  valuable  are  Miiller's  fluid, 
chromic  acid,  hichromate  of  potash,  and  alcohol. 

Mi'dlcr's  Fluid. — Of  all  hardening  agents  this  is  the 
most  satisfactory  and  the  one  most  generally  applicable. 
It  is  prepared  in  the  following  way  : — 

F  F  2 
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Take  of— 
Potassium  Bichromate 
Sodium  Sulphate  .  . 
Water  ...... 


2  parts. 
1  pai't. 
100  iDai-ts. 


Dissolve. 


The  tissue  should  be  kept  in  this  solution  for  from  one  to 
two  weeks,  and  then  placed  in  common  alcohol  for  two  or 
three  days,  after  which  it  is  ready  for  making  sections. 

The  advantages  of  Miiller's  fluid  are  that  it  alters  the 
macroscopical  characters  of  tissues  less  than  other  hard- 
ening agents,  and  its  penetrating  powers  are  so  great 
that  it  is  not  necessary  to  cut  the  tissue  up  into  small 
lueces,  but  the  whole  organ  may  be  placed  in  it.  The 
tissue  may  be  kept  in  it  longer  without  injury  than  in 
other  aqueous  solutions. 

Midler's  fluid  is  also  vahiable  for  the  maceration  of 
tissues  which  are  to  be  examined  by  teasing — as  tumours, 
muscle,  &c.  Its  action  tends  to  facilitate  the  isolation  of 
the  elements. 

Chromic  Acid. — This  is  less  generally  ajDpHcable  than 
the  preceding.  It  should  be  used  in  aqueous  solution — 
strength  one-sixth  per  cent.  It  is  important  to  employ 
the  solution  in  large  quantities — from  six  to  ten  fluid 
ounces  for  each  specimen.  The  tissue  must  be  cut  with 
a  sharp  razor  into  small  pieces — not  much  larger  than  a 
hazel-nut — before  it  is  placed  in  the  solution.  The 
hardening  is  usually  completed  in  from  five  to  eight 
days.  It  is  hastened  by  renewing  the  solution.  If  kept 
too  long  in  the  solution  the  tissue  becomes  brittle.  All 
tissues  which  have  been  hardened  in  chi'omic  acid  should 
be  placed  in  common  alcohol  for  about  twenty-four  hours 
before  sections  are  made.  Chromic  acid  is  preferable  for 
hardening  skin  and  mucous  membranes. 

Bichromate  of  Fotash. — This  agent  is  more  gradual  in 
its  action  than  chromic  acid,  and  produces  less  shrinking 
of  the  tissue.  It  is  esjDecially  valuable  for  the  hardening 
of  kidney,  blood-vessels,  nerve-tissue,  ovary,  and  some 
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other  structures,  It  is  often  advisable  to  commeuce  tlie 
hardening  with  bichromate  of  potash,  and  theu  to  com- 
plete it  iu  chromic  acid  or  common  alcohol.  The  bichro- 
mate is  also  valuable  for  the  maceration  of  tissues  which 
are  to  be  examined  by  teasing.  The  bichromate  should 
be  used  in  aqueous  solution — strength  about  two  per  cent. 
It  penetrates  more  readily  than  the  chromic  acid,  and 
<;onsec[uently  it  is  not  necessary  to  use  quite  such  small 
pieces  of  the  tissue.  The  tissue  must  be  kept  in  the 
solution  from  two  to  three  weeks,  the  solution  being 
changed  every  four  days. 

Alcohol. — This  is  most  valuable  as  an  agent  for  the 
completion  of  the  hardening  of  tissues  which  have  been 
previously  placed  in  Miiller's  fluid,  chromic  acid,  or  in 
bichromate  of  potash.  The  tissues  should  be  kept  in  it 
one  or  two  days.  Some  tissues,  however,  appear  to  harden 
better  if  they  are  at  once  placed  in  alcohol ;  amongst 
these  are  the  lymphatic  glands,  spleen,  and  testis.  Com- 
mon (methylic)  alcohol  answers  for  all  these  purposes. 
Lastly,  alcohol  must  be  employed  for  the  hardening  of 
all  tissues  which  have  been  injected.  Absolute  alcohol  is 
often  necessary  for  the  completion  of  hardening  of  many 
tissues. 

The  Softening  of  Tissues. — Some  tissues,  as  osseous 
stractni-es,  tumours  which  have  become  calcified,  &c., 
require  to  be  softened  before  sections  can  be  made.  This 
may  be  effected  by  placing  them  in  the  one-sixth  per  cent, 
chromic  acid  solution,  to  each  six  ounces  of  which  three 
or  more  drops  of  concentrated  hydrochloric  acid  have 
been  added. 

THE  ilAKING  OF  SECTIONS. 

Although  various  instruments  have  been  contrived  for 
making  sections,  the  one  which  answers  best  is  a  common 
razor,  or  a  similar  blade  firmly  fixed  in  a  wooden  handle. 
The  usefulness  of  this  instrument  is  much  increased  if  the 
lower  surface  of  the  blade  be  ground  perfectly  flat,  whilst 
the  upper  is  made  slightly  concave. 
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Hardened  tissues  from  wliicli  sections  are  to  be  made 
must  always  have  first  been  placed  in  common  alcoliol,  m 
the  manner  already  described.  In  making  the  section  the 
blade  of  the  instrument  must  be  kept  well  wetted  with 
common  alcohol,  and  the  section  when  cut  must  be  placed 
at  once  in  the  same  liquid. 

Imheddinij.— 'Hardened  tissues  which  are  too  small  or 
too  delicate  to  be  held  in  the  hand  for  the  purpose  of 
making  sections,  must  be  imbedded.  The  object  of  im- 
bedding is  to  fix  the  tissue  in  some  substance  which  can 
not  only  be  readily  held,  but  which  can  also  be  easily  cut 
with  the  section-knife.  Various  substances  are  used  for 
this  purpose.  Of  these  the  one  which  is  most  generally 
apphcable  is  a  mixture  of  white  wax  and  olive  oil.  Equal 
quantities  of  pure  white  wax  and  olive  oil  should  be 
warmed  together  and  well  mixed,  and  the  mass  when  cold 
may  be  kept  to  be  used  as  reciuired.  When  a  specimen  is 
to  be  imbedded,  a  small  case  of  paper  should  be  made- 
somewhat  larger  than  the  specimen.  The  edges  of  the 
paper  can  be  secured  with  a  little  mucilage  or  with  a  pin. 
The  mixture  of  wax  and  oil  is  then  melted  and  the  paper 
case  filled  with  it.  The  specimen  to  be  imbedded— which 
must  have  been  removed  from  common  alcohol— is  now  to 
be  slightly  dried  on  blotting-paper  and  immersed  in  the 
melted  compound.  The  process  of  immersion  requires  a 
httle  care.  The  specimen  should  be  placed  upon  the 
point  of  a  fine  needle,  and  as  soon  as  the  wax  commences 
to  solidify  at  the  sides  of  the  case,  it  must  be  dipped 
beneath  the  melted  liquid  so  as  to  be  completely  covered 
by  it.  The  needle  must  then  be  removed  by  giving  it  a 
gentle  twist  so  as  not  to  disturb  the  specimen.  When 
the  wax  is  cool  the  paper  can  be  removed  and  the  mass 
placed  in  common  alcohol.  Sections  can  be  made  from  it 
when  convenient. 

STAINING. 

When  the  section  has  been  made  and  placed  in  common 
alcohol,  in  the  manner  described,  it  is  usually  advisable 
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to  stain  it.  The  object  of  staiuiug  is  to  impart  to  tlie 
different  portions  of  the  tissue  different  shades  of  colour, 
so  that  its  structure  can  he  more  readUy  recognised.  The 
substances  which  are  the  most  generally  applicable  for 
this  purpose  are  logwood  and  carmine.  Of  these,  logwood 
is  the  preferable,  inasmuch  as  it  not  only  differentiates 
most  tissues  more  completely,  but  it  is  a  much  more 
agreeable  coloui-  to  work  with. 

Staining  witli  Logwood— The  following  is  the  method 
for  preparing  the  logwood  solution  recommended  by  Dr. 
Klein  :— 

Ta7t-e  of— 

Extract.  Hsematox   6  grammes. 

Alumen  18  grammes. 

Mix  thoroughly  in  a  mortar. 

Add  gradihally  ivMlst  stirring — 

Distilled  water  28  cub.  cent. 

Filter. 

To  the  filtrate  add — 

Spirit.  Kect  1  drachm. 

The  solution  must  be  kept  in  a  stoppered  bottle  for  a  few 
days  before  being  used. 

For  staining,  several  (5-10)  drops  are  to  be  added  to 
half  a  watch-glass  of  distilled  water.  The  thus  diluted 
solution  should  be  filtered  before  being  used.  Sections 
which  have  been  removed  from  common  alcohol  are  to 
be  placed  in  the  dilute  solution  for  from  ten  to  twenty 
minutes,  and  then  to  be  washed  in  distilled  water. 

Gradual  Staining  witlb  Weah  Carmine— In  staining 
with  carmine  two  methods  may  be  employed :— the  one 
consists  in  using  a  strong  solution,  so  as  to  stain  rapidly; 
the  other  in  staining  very  gradually  with  a  much  less 
concentrated  liquid.  Of  these,  the  method  of  gradual 
staining  with  weak  solutions  yields  the  most  satisfactory 
results,  inasmuch  as  by  this  means  the  differentiation  of 
the  tissue  is  rendered  more  complete  thau  when  the  colo- 
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ration  is  rapidly  induced.  The  process  of  rapid  staining 
with  strong  carmine  is,  however,  the  most  convenient,  and 
it  yields,  in  most  cases,  sufficiently  satisfactory  results. 

The  following  is  the  method  for  gradual  staining 
recommended  by  Dr.  Klein : — 

Tahe  of— 

Powdered  Carmine  2  grammes. 

Rub  it  up  with  a  few  drops  of  Distilled  Water. 

Add— 

Liquor  Ammonia3  fort  4  cub.  cent. 

Distilled  Water  48  cvib.  cent. 

Mix  together  with  a  glass  rod,  and  filter. 
The  solution  to  be  kept  iu  a  stoppered  bottle. 

For  staining,  take  one  drop  of  tbe  above  solution,  and 
add  to  it  from  nine  to  twelve  drops  of  distilled  water. 
Sections,  which  have  been  removed  from  common  alcohol, 
to  be  placed  in  this  from  sixteen  to  twenty-fonr  hours. 

Hapid  Staining  lolili  Strong  Carmine. — To  stain  ra- 
pidly, the  sections  may  be  placed  in  the  above  strong 
solution  of  carmine  without  the  addition  of  water.  In 
this  case  the  strong  solution  of  carmine  should  have  been 
kept  exposed  to  the  air  for  a  sufficient  length  of  time  to 
allow  the  excess  of  ammonia  to  escajDe.  It  is  consequently 
advisable  to  have  two  bottles  of  strong  carmine  solution 
— one  for  rapid,  and  the  other  for  gradual  staining. 

The  time  required  for  rapid  staining  is  from  thirty 
seconds  to  five  minutes.  This,  however,  will  vary  very 
considerably  according  to  the  nature  of  the  tissue  to  be 
stained.  A  knowledge  of  the  amount  of  time  Avhich 
yields  the  best  results  will  be  readily  learnt  by  a  little 
practice. 

The  sections  when  removed  from  the  carmine  staining 
solution  must  be  washed  for  a  few  seconds  in  distilled 
water  containing  one-quarter  per  cent,  of  acetic  acid. 
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PRESERVATION  AND  MOUNTING. 

When  the  section  lias  Ijceu  stained,  it  is  ready  to  be  pre- 
pared for  mounting-  permanently.  The  two  siihstances  in 
which  tissues  are  most  commonly  mounted  arc  glycerine 
and  Dammar  varnish.  Of  these,  the  latter  shoixld  be  em- 
ployed in  all  cases  in  which  the  preservation  of  the  section 
is  intended  to  be  jDerinanent.  Many  tissues,  however, 
yield  more  satisfactory  results  when  examined  in  gly- 
cerine ;  but  they  cannot  be  preserved  in  this  liquid  for 
any  gi-eat  length  of  time  without  undergoing  some 
alteration. 

The  methods  of  mounting  in  Dammar  varnish  and 
glycerine  must  be  described  separately. 

Mounting  in  Bnmmar  Varnish. — When  the  section  is 
to  be  mounted  in  Dammar — it  having  been  already 
stained  and  washed — it  must  first  be  placed  in  ahsolute 
alcohol  for  about  a  quarter  of  an  hour.  From  the  alcohol 
it  must  be  transferred  to  oil  of  cloves,  the  superfluous 
alcohol  having  been  first  removed  from  the  section  by 
blotting-paper.  In  the  oil  of  cloves  it  becomes,  in  a  few 
seconds,  quite  transparent.  The  superfluous  oil  must 
be  removed  by  blotting-paper,  and  the  section  is  then 
ready  for  mounting  in  the  Dammar  varnish.  If  more 
convenient,  it  may  be  kept  for  one  or  two  days  in  the  oil 
of  cloves  before  it  is  mounted  in  the  Dammar.  In  order 
to  make  the  specimen  still  more  secure,  a  layer  of  the 
varnish  may  be  placed  round  the  edge  of  the  covering 
glass  a  few  days  after  the  section  has  been  mounted. 

The  following  is  the  method  for  preparing  the  Dammar 
varnish  : — 

Talie  of— 

Gum  Dammar  in  powder  \  oz.,  and  dissolve  it  in 

Turpentine  1  *  oz.  FiUor. 
Gum  Mastic  ^  oz.,  and  dissolve  it  in  Chloroform 

2  oz.  Filter. 
Mix  the  two  filtered  solutions,  and  agaia  filter. 
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Mounthuj  in  Glycerine— When  the  section  is  to":  be 
mounted  in  glycerine  no  further  preparation  is  necessary. 
It  is  simply  washed  in  distilled  water  and  at  once  trans- 
ferred to  a  drop  of  strong  glycerine  upon  the  slide.  The 
edges  of  the  covering  glass  must  then  be  fastened  down 
with  some  cementing  liquid.  The  Dammar  varnish  an- 
swers exceedingly  well  for  this  purjoose. 
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"  fatty  degeneration  of,  51 

inflammation  of,  336 
"  lardaceous  degeneration  of,  72,  76 

"  new  formation  of,  see  "Angiomata' 

Bone,  atrophy  of,  29 
„    caries  of,  332 

inflammation  of,  330 
„     necrosis  of,  332 
,,     sclerosis  of,  331 
Brain,  abscess  of,  391 

„     embolism  in,  241  ^,     ,         a.    ■  » 

],    fatty  degeneration  of,  see  ' '  Cerebral  softening, 
inflammation  of,  390 
inflammatory  softening  of,  391 
"     softening  of,  from  embolism,  241 
,'' ,   red  softening  of,  62,  241 
sclerosis  of,  392 
thrombosis  of,  240 
"     tubercle  of,  289,  291 

white  softening  of,  61 
]]     yellow  softening  of,  61 
Brown  atrophy  of  heart,  58 

induration  of  lungs,  215 

CACHEXIA,  cancerous,  107 
Calcareous  degeneration,  84 

of  arteries,  So 

"         ■     "  II 
■Cancer,  sec  "  Carcinoma 

Capillaries,  fatty  degeneration  of,  o3 
Carcinoma,  178 

adenoid,  194 

blood-vessels  of,  181 
„        cells  of,  179 

clinical  characters  of,  195 

colloid,  188 
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Carcinoma,  development  of,  181 

,,         euceplialoid,  187 

„         epithelial,  190 

„         lymphatics  of,  181 

,,         melanotic,  184 

,,         osteoid,  184: 

,,         scirrluis,  184 

,,         secondary  changes  in,  183 
stroma  of,  ISO 

„         structure  of,  178 
varieties  of,  184 
Carcinomata,  178 
Caries,  332 

Carmine  for  staining,  439 
Cartilage,  erosion  of,  321 

,,         inflammation  of,  320 
Caseation,  49 

,,       of  products  of  scrofulous  inflammation, 
of  tubercle,  286 
Caseous  masses,  ijathological  significance  of,  50 
Catarrh,  357 

Cell,  as  seat  of  nutrition,  5 

,,    definition  of,  12 

,,    limiting  membrane  of,  7 

,,    nucleus  of,  8,  9 

,,    protoplasm  of,  7,  9 
Cells,  constitution  of,  6 

,,    genesis  of,  10 

,,    "  indifl^erent, "  114 

,,    multiplication  of,  10 

„  physiology  of,  8 
Cell- wall,  nature  of,  7 
r!erebral  softening,  59 
Cicatricial  tissue,  327 
Cirrhosis,  biliary,  372 
,,  of  liver,  370 
Clots,  aute-mortem,  224 

,,     post-mortem,  223 
Cloudy  swelling,  258 
Colloid  cancer,  188 

,,      degeneration,  03 

,,      of  muscle,  66 
Condylomata,  155 
Congestion,  sec  "  Hypenemia" 
Connective  tissue,  fatty  infiltration  of,  36 
,,  ,,      inflammation  of,  324 

,,  ,,      siippuration  of,  327 

Cornea,  inflammation  of,  322 
Corpora  amylacea,  82 
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Corpuscles,  exudation,  47 
Croup,  362 
Cystic-sarcoma,  IGo 
Cysts,  198 

,,     classification  of,  201 

„      modes  of  origin  of,  198 

„      secondary  changes  in,  200 

„     structure  of,  199 

DAMMAR  varnish  for  mounting,  441 
Degeneration,  32 

amyloid,  sec  "Lardaceous 
calcareous,  84 
„  causes  of,  33 

colloid,  64 
fatty,  35 
„  lardaceous,  68 

mucoid,  63 
pigmentary,  89 

Diphtheria,  362 
Disease,  definition  of,  1 
Dysentery,  362 

T?  MBOLISM,  232 

XLi  as  cause  of  aneurism,  236 

in  brain,  241 
„  results  of,  236 

Emigration  of  white  blood- corpuscles  in  inflammation,  2u3 
Emphysema,  30 
Eucepiialoid  cancer,  187 
Enchondromata,  130 
Enchondroses,  132 
Endocarditis,  341 

acute,  343 
chronic,  345 
,,  ulcerative,  344 

Epithelioma,  190 

.,         cylindrical,  194 
Epulis,  126,  175 
Exostoses,  136 
Exudation  corpuscles,  47 
Exudation  in  inflammation,  cause  of,  263 

of  liquor  sanguinis  in  inflammation,  255 
„        in  mechanical  hypertemia,  210 


|7AT,  absorption  of,  49 

L         as  cause  of  embolism,  233 
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Fat,  source  of,  in  fatty  degenei-ation 
'  inhltration,  40 

Fatty  degeneration,  35 

^  causes  of,  .ib 

of  arteries,  51 
of  brain,  5!) 
of  capillaries,  53 
of  heart,  55 
of  kidneys,  58 
of  muscle,  54 
infiltration,  40  „ 
"  of  connective  tissue,  ob 

of  heart,  42 
of  liver,  43 
"  ,'       of  muscle,  41 

Fib^^id  induration,  as  result  of  , 

of  syphilis,  31-2 
of  heart,  346 

??5^c  Smour,  see  "  Sarcomata,  spindle-celled.  ' 

n  ANGRENE,  see  "  Necrosis" 
yj  senile,  21 

Genesis  of  cells,  10 
Giant  cells,  282 
Glioma,  172 

Crlomerulo-nephntis,  Sbi 
Gluge,  corpuscles  of,^  47 
Grey  degeneration,  392 
Gummata,  313 

TT^EMATOIDIN,90 

Jl    Heemorrhagic  infarct,  .i.ib 

Heart,  brown  atrophy  of,  58 

changes  in  pyrexia,  iOi^ 
"      fatty  degeneration  of,  oo 

infiltration  of,  42 
"      fibroid  induration  of,  346 
inflammation  of,  341 

Heterology,  116 
Hodgkin's  disease,  14b 
Hom'ology,  116 
Horns,  155 
Hyperemia,  20o 

,         active,  20o 

as  cause  of  new  growth,  103 

mechanical,  208 

of  liver,  213 
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Hyperromia  of  luugs,  215 

„  post-uioi-tem  appearances  of, 

Hyperplasia,  105 
Hypeitrophy,  105 


!1G 


]  NFARCT,  238 

Infiltrations,  34 
Infiltration,  fatty,  40 
Inflammation,  250 

acutfi,  267 

alterations  in  nutrition  in,  257 
as  cause  of  necrosis,  14 
causes  of  blood-stasis  in,  261 
changes  iu  tlie  blood-vessels  and  circulation 

in,  251 
chronic,  268 
croupous,  359 
diphtheritic,  359 

emigration  of  red  blood-corpuscles  in,  254 

,,         of  white  blood-corpuscles  in,  253 
exudation  of  liquor  sanguinis  in,  255 
fibrinous,  359 
formation  of  pus  in,  264 
idiopathic,  270 
infective,  270 
scrofulous,  274 
specific,  27 1 
stasis  in,  253 
terminations  of,  271 
traumatic,  270 
varieties  of,  267 
of  arteries,  336 
of  blood  vessels,  336 
of  bone,  330 

of  brain  and  spinal  cord,  390 
of  cartilage,  320 

of  common  connective  tissue,  324 
of  cornea,  322 
of  heart,  341 
of  kidneys,  375 
of  liver,  369 
of  lungs,  395 

of  lymphatic  structures,  350 
o.  mucous  membranes,  357 
of  serous  membranes,  365 
of  veins,  339 
Inflammatory  new  formations,  nature  of,  104 
fever,  sec  "  Surgical  fever" 
stasis,  253 
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luterstitial  hepatitis,  S70 

,,         nephritis,  37(),  385 
,,         pneumonia,  407 
Intestine,  hirdaceous  degeneration  of,  SI 
,,        tuberculosis  of,  293 
,,        typhoid  ulceration  of,  354 

Jr  IDNEY,  abscess  of,  375 

,,  fatty  degeneration  of,  53 

,,  inflammation  of,  375 

,,  interstitial  nephritis,  385 

,,  lardaceous  degeueratiou  of,  76 

,,  leukiemic  growth  in,  249 

,,  surgical,  376 

,,  scarlatinal  nephritis,  383 

,,  suppurative  nephritis,  375 

,,  tubal  nephritis,  379 


T  ARDACEOUS  degeneration,  68 

,,  of  alimentary  canal,  81 

,,  ,,  of  kidneys,  76 

,,  ,,  of  liver,  74 

,,  ,,  of  lymphatic  glands.  81 

„  ,,  of  spleen,  79 

,,  substance,  nature  of,  69 

,,       reactions  of,  70 
,,  ,,       source  of,  73 

Leucocytosis,  243 

Leukoemia,  243 

Leukasmic  growths  in  kidney,  249 
,,  ,,      in  liver,  248 

,,  „      in  lymphatic  glands,  247 

,,  ,,      in  spleen,  247 

Lipomata,  128 
Liver,  abscess  of,  369 
,,     acute  inflammation  of,  369 
,,     acute  yellow  atrophy  of,  374 
,,     changes  in,  in  pyrexia,  100 
,,     cirrhosis  of,  370 
,,     fatty  infiltration  of,  43 
,,      lardaceous  degeneration  of,  74 
,,      leukfemic  growths  in,  248 
,,     nutmeg,  213  o 
,,     syphilitic  growths  in,  318 
Logwood  for  stain  lug,  439 
Jyungs,  abscess  of,  400 

,,  hroncho-pneumonia,  401 
,,       brown  induration  of,  215 
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Lungs,  catarrhal  pneumonia,  401  _ 
cirrliosis  of,  see  "  Interstitial  Pneumonia, 
croupous  pneumonia,  395 
,,     emphysema  of,  30 
,,     gangrene  of,  400 

inflammation  of,  395 
interstitial  pneumonia,  407 
,,     pigmentation  of,  94 
,,     ])hthisis,  415 

tuberculosis  of,  295 
Lyniphadenoma,  see  "  Lymphomata." 
Lymphatic  glands,  inflammation  of,  acute,  3o0 
•     ^  chronic,  351 

"  \\     lardaceous  degeneration  of,  SI 

leukasmic  growths  in,  247 
"  non-inflammatory  enlargement  of,  .?ee 

"  "Lymphomata" 
,,     scrofulous,  352 

tuberculosis  of,  292 
structures,  inflammation  of,  in  typhoid  fever, 
Lymphomata,  141 
Lympho- sarcoma,  144 


M 


ALIGN ANCY,  US 

cachexia  as  evidence  oi,  Wi 
different  degrees  of,  119 
multiplicity  as  e\adence  of,  108 
recurrence  after  removal  as  evidence  ot,  1  US 
"  secondary  growths  as  evidence  of,  lOS 

;Mammary  gland,  adenoma  of,  159 

adeno- fibroma  of,  159 
adeno-sarcoma  of,  159 
cystic-sarcoma  of,  160 
scirrhus  of,  185 

Melansemia,  93 
Melanin,  92 
.Melanotic  cancer,  184 

sarcoma,  1G8 
:Melanosis,  -see  "Melanotic  Sarcoma." 
Meningitis,  tubercular,  289 
Metamorphoses,  33 
.^loUities  ossium,  333 
MoUuscuni  tibrosum,  12C 
.Mortirication,  see  "  Necro.sis." 
]Mountiug  of  specimens,  441 
Mucoid  degeneration,  63 
Mucous  membranes,  adenomata  ot,  lOU 

catarrhal  inflammation  of,  .io/ 


INDEX. 


453 


Mucmis  membranes,  croupous  inllnmination  of,  350 
,,  ,,         libriuoiis  iuflainraatiou,  359 

, ,  , ,         tuberculosis  of,  293 

Mailer's  Huid,  435 

Mummification,  17 

Muscle,  fatty  degeneration  of,  54 
„      fatty  infiltration  of,  41 
in  typhoid  fever,  60 

Myeloid  tumour,  173 

Myelitis,  391 

Myocarditis,  345 

Myoinata,  149 

Myoma  of  uterus,  150 

Myxomata,  138 


"MECROBIOSLS,  24 
Xeci'osis,  13 

,,       causes  of,  13 
,,       evidences  of,  16 
■  ,,       terminations  of,  20 
Nephritis,  see  "  Inflammation  of  Kidney." 
New  formations,  103 
Nervous  system,  as  cause  of  atrophy,  28 

,,  >>        disease,  3 

Neuromata,  150 
Nucleoli,  8 
Nucleus,  8 

,,       function  of,  9 
Nutrition,  arrested,  13 
,,         definition  of,  2 
,,         impaired,  22 
increased,  103 


rvSTEOMALACIA,  .3.33 

Osteomata,  1.35 
Osteo-chondroma,  132 
Osteoid  sarcoma,  170 
Osteophytes,  13f) 


pAPILLOMATA,  153 

Periostitis,  331 
Pia  mater,  tuberculosis  of,  289 
Phlegmasia  dolens,  230 
Phthisis,  pulmonary,  415 

"  coUiers',"  0(),  410 
''        etiology  of,  429 
histology  of,  410 
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Plitliisis,  pulmoDcary,  older  doctrines  respecting,  415 
pathology  of  425 
tubercle  lu,  410 
varieties  of,  432 
Pigmeut,  source  of,  89 
Pigmentary  degeneration,  89 
Pigmentation,  false,  93 

of  lungs,  94 
of  sputum,  95 
Pneumonia,  broncho  or  catarrhal,  401 
, ,        croupons,  395 
,        hypostatic,  40G 

interstitial  or  chronic,  407 
Post-mortem  staining,  18 
Protoplasm,  7,  9 

coagulation  of,  after  death,  -JU 

Psammoma,  127 

Pus,  characters  of,  264 

,,    origin  of,  265  „ 
Pulmonary  phthisis,  sec  "  Phthisis,  pulmonary 

Pyemia,  302  ■  oin 

pathology  of  metastatic  abscesses  m,  6W 
"       relation  of,  to  septicemia,  309 
Pyrexia,  tissue  changes  in,  99 


R 


EGENERATION,  103 
Rickets,  334 
Rigor  mortis,  18  .  ,   •  m 

nature  of  change  ui  muscle  in,  I'J 


"  OAGO  spleen,"  79 
1^    Sarcomata,  162 

alveolar,  173 

clinical  characters  of,  176 

,j  cystic,  165 

J  J  melanotic,  168 

„  myeloid,  173 

„  osteoid,  170 

round-celled,  171 

"  spindle-celled,  166 

Scarlatina.'kidney  changes  in,  383 
Scirrhus  cancer,  184 
Sclerosis  of  bone,  331 

of  nerve,  392 
Scroiulous  iutiammatiou,  274 
Senile  gangrene,  16 
Septicemia,  302 
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Septicaemia,  bacteria  in,  304 

,,  nature  oF  poison,  304 

,,  relation  to  pyaimia,  309 

Serous  efl'usion,  as  result  of  iufiammation,  255,  269 

>i  ,,  ,,    of  meclianical  liypeiiemia,  210 

Serous  membranes,  inflammatiou  of,  365 
Slougb,  separation  of,  20 
Specimens,  examination  of,  whilst  fresli,  434 
, ,         hardening  of,  435 
,,         imbedding  of,  438 
,,         making  sections  of,  437 
,,         mounting  of,  441 
,,         preservation  and  mounting  of,  441 
,,         softening  of,  437 
,,         staining  of,  438 
Spinal  cord,  inflammation  of,  390 

,,  sclerosis  of,  392 

Sjileen,  lardaceous  degeneration  of,  79 
,,     leukreraic,  247 
,,     in  typhoid  fever,  352 
Splenic  aufemia,  244 
Staining  of  sections,  438 
Suppuration,  264 
Syphilis,  312 

,,       arterial  changes  in,  317 
,,       fibroid  changes  in,  312 
,,       gummata  in,  313 
„       nature  of  lesions  in,  312 


THROMBOSIS,  218 

,,  causes  of,  218 

,,  results  of,  228 

Thrombus,  224 

,,        organisation  of,  224 
,,        softening  of,  227 
Traumatic  fever,  302 
Tumours,  lOG 

,,       classification  of,  123 

,,       constitutional  predisposing  causes  of,  106 
,,        development  of,  112 
,,       direct  exciting  causes  of.  111 
,,        etiology  of,  106 
,,       origin  of,  from  emigrant  cells,  109 
,,       relation  of,  to  the  surrounding  tissues,  117 
,,       retrogressive  changes  in,  118 
Tubercle,  277 

,,       histology  of,  282 

,,      in  pulmonary  jjlithisis,  416 
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Tubercle,  older  doctrines  respecting,  277,  415 
Tuberculosis,  acute,  277 


Typhoid  fever,  352 

,,       muscular  change  in,  66 

TTLCERATION,  tubercular,  of  intestine,  294 
^  ,,  typhoid,  of  intestine,  354 

Uterus,  myoma  of,  150 


Tubercular  meningitis,  289 


artificial  production  of,  278 
giant  cells  in,  282 
infective  nature  of,  278 
limited  to  single  organs,  287 
nature  of  iesions  in,  281 
of  lungs,  295 
of  lymphatic  glands,  292 
of  mucous  membranes,  293 
of  pia  mater,  289 
source  of  infection  in,  280  • 


CUOLATION,  11  . 
Veins,  inflammation  of,  339 


P.TS.  155 
Wens,  126 


THE  END. 
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